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INTRODUCTION 
Phenoxathiln (I) Is a compound which has been the sub­
ject of considerable Investigation by various workers who 
have not been concerned primarily with ItB chemical proper­
ties, Ae an antl-bacterlal agent phenoxathiln hae been 
tested for Its action upon Mycobacterium tuberculosis^'^. 
Escherichia coll^. Streptococcus hemolytloue (oyler strain)^, 
S. h. epldemlcuB^ and ^  vlrldans,^ The compound was shown 
to have slight anthelmintic activity against Haemonohus 
contortuB.^ The Insectlcldal properties of phenoxathiln have 
attracted the greatest attention. In one series of tests^ 
phenoxathiln gave high kills of American cockroach, cabbage 
aphid, diamond-back moth, European corn borer, Hawaiian beet 
webworm and termite. Other Insecte upon which phenoxathiln 
^K. Tomlta and W. Watanabe, Jj;. Pharm. Soc. Japan. 71. 
210i^ (1951) [ ^ As., 7618 (1952)X: 
^M, Tomlta and V/. ^^atanabe, ibid.. 72. 478 (1952) 
[£:. As.. itZ. 7028 (1953)]. 
^E, L, Everitt and M. X, Sullivan, ^  Wash. Acad. Sci.. 
20, 457 (Wo). 
4 
H. McL. Gordon and M. Llpeon, Council Sci. Ind. 
Research. H, 173 (19^0). 
^L. E. Smith, Ujj. ^  Dept. Agr.. Bur. Entomol. end Plant 
Quarantine. E-580 {19 
2 
6 7 has "been tested are cattle lice , chicken lice , sheep 
8 9 10-13 
ticks , caterplllare and chl^ers. Phenoxathlln hae 
been shown to have larvacidal activity upon the larvae of 
the mosqulto^^* greenhouse leaf tyer^^, fleeceworra^®, screw 
17 18 IQ 
wona , fly and the codling moth. ^  Other usee for which 
6 J, G. Matthyeee, New York (Ithaca) Agr» Expt» Sta.. 
Bull. 832 (19^6). 
S. Telford, J. Econ. Entomol.. J8, 573 (19^5). 
Q 
H. H. Schwardt and J. G. Matthyeee, New York (Ithaca) 
Agr. Expt. Sta.. Bull. W (19^8). 
J. Reld, Jr., and F. P. Cuthbert, Jr., U. S. Pert. 
Agr.. Bur. Entomol. and Plant OuarantIne. E-7S7 Tl9^ ). 
M. Snyder and F. A. Morton, Jj. Econ. Entomol.. 39. 
385 (19^6). 
^^J. P. Llnduska, F, A. Morton and C. McDuffle, Ibid.. 
itl, ^3 (19^8). 
F. CroBB and F. M. Snyder, Soap Sanlt. Chemicals. 
No. 2, 135 (m9). 
N. Smith, Proc. Chem. Specialties Mfgre. Aeeoc.. 
Dec., 79 (1950) COrlglnal not available for inepectlon; 
abstracted In £j. ^5. 5871 {1951)]* 
E. Fink and L. E. Smith, J. Econ. Entomol.. 29. 80^ 
(1936). 
L. Metcalf and C. W. Kearne, Ibid.. 306 (19^1) 
F. Knlpllng, Ibid.. 31^ (19^1). 
17L, E. Smith and R. Melvln, ibid.. J6, ^ 75 (19^3). 
^®E. S. Loeffler and W. M. Hoekine, ibid.. 589 (19^6). 
^^E. H. Slegler, F. Hunger and L. E. Smith, Dept. 
iigr.. Circ. 523 (1939). 
3 
20 phenoxathlln has been tested are odor Inhibitor , vinyl heat 
stabilizer^^, starting material for synthesis of vinyl 
22-25 polymers and as an analytical reagent for palladium. " 
As a result of the interest shown in phenoxathlln by 
industrial organizations, the compound has been made commer­
cially available at a price much less than those of the re­
lated heterocycles, dibenzothiophene and thianthrene. Even 
though phenoxathlln is much lees expensive than dibenzothio­
phene, the chemistry of the latter heterocycle has been in­
vestigated more completely than that of phenoxathlln. 
Derivatives of phenoxathlln have been tested for practical 
aDollcation rather infrequently considering the amount of 
Interest in the parent compound. This lack of investigation 
90 
H. Flett, U. S. Patent 2,^69,378 (19^9) [ 0^^ 
42, 6846 (1949)]. 
F. Boyer, U. S. Patent 2,462, 352 (1949) [£s. Aa.. 
4520 (1949)]. 
G. Flowers and L. W. Flowers, J. Am. Chem. Soc.. 
21, 3102 (1949). 
G. Flowers and L. W. Flowers, U, S. Patent 
2,449,527 (1948) [ A^., 42, 904 (1949)]. 
pii 
^ R. G. Flowers and L. Flowers, U. S. Patent 
2,^49,528 (1948) A^, 42, 1223 (1949)]. 
G. Flowers and L. W. Flowers, U. S. Patent 
2,451,818 (1948) 4l, 1814 (1949)]. 
Kdnig and W. R. Crowell, Mikrochemie ver. 
Mikrochlm. Acta. 21, 298 (1948). 
4 
may be due to the absence of convenient methods of preparing 
pure derivatives of known structure. 
The need for a comprehensive compilation of the existing 
knowledge of the chemistry of phenoxathlin prompted a review 
27 by Deasy In 19^3. This work has remained as the sole sur­
vey of this field. Phenoxathlin, unlike dlbenzothlophene, 
has not been Included In the popular books dealing with 
heterocycles. However, a forthcoming volume of the series 
by Elderfleld will contain part of a chapter devoted to 
phenoxathlin, 
It le the purpose of this Investigation to make a 
systematic study of the chemistry of phenoxathlin and Its 
derivatives. This study Includes a collection and correla­
tion of the data In the literature and the performance of 
those selected chemical reactions which will Integrate the 
existing data and extend the knowledge of orientation In the 
phenoxathlin nucleus. An Integral accompanying phase of the 
Investigation Is the comparison of the relative orienting 
Influences of the two hetero atoms, oxygen and sulfur. 
L. Deasy, Chem. Revs.. 32. 173 (19^3). 
C. Elderfleld, "Heterocyclic Compounds", John 
Wiley and Sons, Inc., New York, N. Y. 
C. Elderfleld, University of Michigan, Ann Arbor, 
Michigan, Private communication, May 30, 1955. 
Though phenoxjathlin has been studied from this viewpoint on 
earlier/occasions and valuable predictions were made, the 
meager data available may have led to premature conclueione. 
Due to the structural similarities of phenoxathiin to the 
oxygen and sulfur heterocycles, dibenzofuran and dibenzo-
thiophene, respectively, and since the chemistry of these 
compounds having only one hetero atom has been more thorough­
ly investigated, frequent recourse was made to the literature 
concerning these heterocycles. A large part of the investi­
gation is concerned with the chemical properties of the two 
oxidation products of phenoxathiin, ite., phenoxathlln-10-
oxide and phenoxathiln-lO-dioxide, The 10-oxide and the 
A 
10-dloxlde present sites where the orienting influences of 
the sulfoxide and eulfone groups can be compared. It will 
be shown that, with ar>propriate utilization of the directive 
influences of these two groups, the most convenient routes 
to many derivatives of phenoxathiin will be by way of sub­
stitution reactions of the 10-oxide and the 10-dioxide. 
6 
HISTORICAL 
The Historical section of this theele Includes a survey 
of the methods of preparation of, and the physical and chem­
ical properties of phenoxathlln and Its known derivatives. 
Particular emphasis le placed upon those reactions which are 
Involved In the determination of the location of a eubstltu-
ent In the phenoxathlln nucleus. Supplementing the text are 
tables of those derivatives of phenoxathlln, phenoxathlln-10-
oxlde and phenoxathlln-10-dloxlde which have been described 
In the literature and those prepared In the course of this 
Investigation. At the end of this section Is a bibliography 
of phenoxathlln Itself. Coverage of the literature on 
phenoxathlln Is complete through 195^. The period between 
195^ and June, 1955 was covered as completely as possible 
by a survey of the Heterocyclic section of Current Chemical 
Papers. This publication contains a classified world list 
of the new papers In pure chemistry. Each entry In the list 
consists of the title of the article, the name(s) of the 
author(6) and the Journal reference. 
Nomenclature 
Phenoxathlln has been identified by several names. The 
name used in this thesis is that preferred by Patterson and 
7 
29 Capell and employed by Chemical Abstracts since 1937* 
Other names which have appeared in the literature are di-
benzothioxin, dibenzothioxine, dibenzo-l,4-oxthiin, phen-
oxthionine, phenthioxine, phenoxthin, phenoxthine and 
phencthioxin. The last name is used currently by Matheeon, 
Coleman and Bell, Inc. and by the Dow Chemical Company. 
Several systems of numbering the ring positions have 
been used and no universally accepted system exists, Em­
ployed herein and illustrated below (I) le the system pre­
ferred by Patterson and Capell^^ and adopted by Chemical 
30 Abstracts. Mauthner , the initial worker in the field of 
9 10 1 
8 
7 
6 4 5 
I 
phenoxathiin chemistry, proposed the name "phenoxthin" and 
the system illustrated by formula la. Thle numbering system 
29 
A, M. Patterson and L, T. Capell, "The Ring Index", 
Reinhold Publishing Corp., New York, N. Y., 19^0, p, 259. 
Mauthner, Ber.. l4ll (1905). 
8 
is frequently encountered in the German and Japanese litera­
ture, The syetem lb was used by Pollack, Rieez and Riesz.^^ 
Physical Properties of Phenoxathiin 
Phenoxathiin is a white solid having a density of 1.38 
32 
At 60® the specific gravity of liquid phenoxathiin 
is 1,226.^^ The compound can be distilled at atmospheric 
34 
pressure as the boiling noint at 7^5 ®m, is 311 . However, 
?1 
R. Pollack, E. Rieez and J, Riesz, Monateh*. *>8. 129 
(1931). 
G-, Wood, C. H, McCale and G. Williams, Phil. Mag.. 
J21, 71 (19^1). 
^^The Dow Chemical Company, "Dow Special Chemicals", 
Midland, Michigan, 1950. 
^^C. M. Suter and F. 0. G-reen, ^  Am. Chem. Soc.. 59. 
2578 (1937). 
9 
there is slight decompoeitlon at this temperature and most 
dletlllatlone have been performed at reduced preeaure. The 
following boiling points and preesuree have been recorded; 
185-187°/23 I8O-I83V15 183-18^0/12 
180°/lO 150-152°/5 and 120-121°/! I^ue 
to Its lov vapor pressure phenoxathlln le not appreciably 
-ao 
volatile with steam.-' 
Melting points for phenoxathlln have been reported In 
the range 53-61°. The coranerclally available material, for 
which the quantitative solubility data are available, melts 
at 53-55°*^^ ^iie melting point of 55.3-55.5° wae recorded 
for a sample which had been purified by vacuum distillation 
followed by cryetalllzatlon from ethanol,^® Mauthner, who 
performed the original synthesis of phenoxathlln, recorded 
the highest melting point. The sample melted at 60-61° 
after several recryetallizatlons from ethanol.^^ A sample 
M, Suter, J. P. McKenzie and C. E. Maxwell, ibid.. 
i8, 717 (1936). 
M, Suter and C. E. Maxwell, "Organic Syntheses", 
Coll. Vol. 2, John Wiley and Sone, Inc., New York, N. Y., 
1943, p. 485. 
37 Gt, M. Bennett, M, S. Leslie and E. E. Turner, J. Ghem. 
Soc.. kkh (1937). 
^®ThlB thesis. 
Mauthner, Ber.. 21* 13^0 (1906). 
A. Nelson and L. H". Smith. J, Am. Chem. Soc.. 6^. 
1057 (1942). 
10 
recpyetallized from methanol "until pure" melted at 57«5-58° 
when the melting point was observed with a polarizing ralcro-
35 
scope.'' After an extensive purification process which con­
sisted of extraction with 30^ aqueous sodium hydroxide 
solution, washing with water, recrystalllzatlon from ethanol, 
sublimation and again recrystalllzatlon from ethanol, the 
Q ^1 
resulting white needles of phenoxathiin melted at 55»7 • 
The crystals of phenoxathiin appear to belong, as far 
as the external symmetry is concerned, to the orthorhombic 
holohedral class, but X-ray results show that the crystals 
are enantlomorphlc. The crystal lattice is and the 
4 32 
space group 2^* Phenoxathiin was shown to be 
isomorphous with phenothlazine on the basis of the eimilarity 
of the axial ratios. This similarity exists even though 
32 
the crystals appear quite different externally. 
The stereochemistry of phenoxathiin has been investi­
gated by consideration of bond angles and atomic radii, 
crystal structure, dipole moment and by chemical methods. 
If the molecule were not planar it would have no center of 
symmetry and could possibly give rise to optically active 
37 derivatives. Bennett, Leslie and Turner"^' had no success 
in resolving either 3-nitro-8-methyl-l-phenoxathilncarboxylio 
4l N. M. Cullinane and W. T. Rees, Trans. Faraday Soc.. 
16, 507 (19^ 0). 
11 
acid or _-phenoxathllncarboxylic acid. The former acid was 
converted to the bruclne salt but no dlaetereolBomere were 
separated. Similarly, the latter was non-reeolvable by way 
of the strychnine salt or the OC -phenylethylamlne salt. 
The finding that the acids did not exist in two separable 
forme was not proof that the molecule was planar, however. 
Culllnane and Rees^^, using valence angles and atomic 
radii of carbon, oxygen and sulfur, made calculations of the 
angle of fold about the 0-S axis and concluded that phenoxa-
thiln was folded. These same workers attempted to show that 
phenoxathiin possessed a folded structure by a comparative 
study of binary mixtures of phenoxathiin, phenothiazine, thi-
anthrene, phenoxazine and dlbenzo-£-dioxin. They assumed 
that binary mixtures of isomorphous compounds formed solid 
solutions and that isomorphism existed when two compounds of 
analogous constitution had like spatial structures. Refer­
ence compounds in the study were dlben20-£-dioxln, which has 
a zero dlpole moment and a planar structure, and thian-
threne, which has a dlpole of approximately 1.5 D and 
Bergmann and M, Tschudnowsky, Ber,. 65. 457 (1932). 
S. Walls and C, P. Smyth, ^  Ghem. Physics. 1, 337 
(193^). 
^^ 6. M. Bennett and S. Glaestone, Jjj. Chem. Soc.. 128 (193^). 
G. M. Campbell, C. G. LeFevre, R. J. W. LeF^vre 
and E, E. Turner, Ibid.. 404 (1938). 
12 
a folded structure. It vae expected that phenoxathlln would 
fona a solid solution with thianthrene. The pertinent ex-
perifflental results are listed in Table 1. 
By application of the rule that binary mixtures of 
ieomorphous compounds form solid solutions it was concluded 
Table 1. Type of solution formed by binary mixtures of 
related heterocycles 
Components of mixture Type of solution 
Dibenzo-£-dioxin and phenoxathiin eutectic 
Dibenzo-jg-dioxin and phenothiazine eutectic 
Dibenzo-;g-dioxin and thianthrene eutectic 
Phenothiazine and phenoxathiin solid 
Phenothiazine and thianthrene solid 
Thianthrene and phenoxathiin eutectic 
that phenoxathiin and phenothiazine were isomorphous and that 
both have folded structures. Logically it would follow that 
phenoxathiin and thianthrene were ieomorphous, but the data 
revealed otherwise. Due to this apparent anomaly the binary 
mixture studies yielded no conclusive evidence for folding. 
13 
32 
Mood, McCale and ^^llllamB compared the axial ratios 
and the results of X-ray meesurements of phenoxathiln, 
phenothiazine, phenoxaselenln and phenoxatellurin and con­
cluded that the four are isomorphous. Also, each compound 
contained four molecules per unit cell as indicated by the 
similarity in the observed and calculated densities. These 
workers state that the four isomorphous compounds possessed 
structures in which the molecules were folded along the line 
Joining the two hetero atoms. The suggested angles of fold 
for these molecules and for thianthrene are phenothiaeine, 
160-170°; phenoxathiin, 150-160°; phenoxaselenin, 1^0-150°; 
phenoxatellurin, 135-1^5°; and thianthrene, 1^0°. 
A reason suggested'' for the absence of solid solutions 
in the phenoxathiin-thianthrene mixtures was the appreciable 
difference between the angles of fold of the two compounds. 
This reasoning does not take into account that phenothiazine 
and thianthrene form solic" solutions even though the differ­
ence in suggested angles of fold is greater than in the case 
of phenoxathiin-thianthrene. 
The most conclusive evidence for the folded structure 
ilfg 
is based upon the dipole moment. Higasi and Uyeo deter­
mined the moment in benzene and hexene solutions to be 
^K. Higasi and S, Uyeo. J, Chem, Soc. JaT?an. 62. ^00 
(mi) As., 2^, 6167 (miTy. 
I k  
1.09 D, They concluded that the molecule wae folded, 
Higasl predicted that no optical isomerism would be ex­
pected in derivatives of phenoxathiin since the activation 
energy for racemization would be too small, no more than a 
o 
few kilocalories. The angle of fold of 15515 euggeeted 
by Leonard and Sutton who found the dipole moment in benzene 
48 
to be 0.92 D. 
Phenoxathiin iB eoluble in all the common organic 
fiolvente. The approximate solubility in some common eolvente 
is listed in Table 2.^^ 
The usual solvents for recryetallization are methanol 
and ethanol, though crystallization can be effected from 
acetic acid and low boiling petroleum ethers. Suter and 
36 Maxwell"^ have recommended that, when recryetallizing from 
hot methanol, the solution be chilled rapidly and stirred 
vigorously to prevent the formation of an oil. 
Physical Properties of Phenoxathiin-lO-oxide 
The recorded melting points of phenoxathiin-lO-oxide 
Kigasi, Sci. Papers Inst. Phve. Chem. Research 
(Tokyo), 331 (1941) [ At. 6167 (1941)71 
48 N. J. Leonard and L. E. Sutton, ^  Am. Chem. Soc.. 
20, 1564 (1948). 
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Table 2. Approximate eolublllty of phenoxathlln 
(Grame per 100 grams of solvent at 25°) 
Solvent Solubility 
Acetone 200 
Benzene 165 
Carbon 100 
tetrachloride 
Ether 165 
Methanol 7 
VHP Naphtha 33 
(^fater (at 80°) Practically 
Insoluble 
lie In the range 151-159°Tomlta and Ikeda^^ ob­
served the melting point of 151-15^° phenoxathlln-10-oxide 
Tomlta and T, Ikeda, J. Pharm. Soo« Japan. 58. 780 
(In German, 231) (1938) [ C^ . Aj~j2t^ 5^ 6"1^ 3W]T" 
5®T, Irle, Bull. In8t« Phys. Chem. Research (Tokyo), 
20, 150 (mi) 2881 (m2)3. 
T. Irle, J. Faculty Scl,, Hokkaido Univ., Ser, 3» iL» 
No. 2. 70 (1951)Tln Engllehrr£j."lirS7 6PT'(1953)]. Thle 
article le a tranelatlon of the preceding article In Bull. 
Inet. Phye. Chem. Reeearch (Tokyo). 20. 150 (19^1). 
51h. Gllman and D. L. Eemay, J. Am. Chem. Soc.. 74. 2021 
(1952). 
52j, f. Noble, A .  J. Blardlnelll and D. J. Blaney, Ibid.. 
2S, 3384 (1953). 
53H. D. K. Drew, J. Chem. Soc.. 511 (1928). 
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obtained by oxidation of phenoxathlln with dilute nitric 
acid. Melting points of 151-153° and 153*5°» the latter 
being of a sample re crystallized from methanol, were re­
corded by Irie.^^ In the same range is the melting point 
o 'iX 
of I52-I53 reported by Grilman and Eemay. The cure grade 
of commercial phenoxathiin-lO-oxide obtained for this study 
melted at 15^-155»5°« Benzene was the recrystallization 
<2 
solvent used by Nobis, Blardlnelll and Blaney-"^ , who re­
ported the melting point of 15^-156°. Drev^^ observed that 
phenoxathiin-LO-oxide melted at 158-159° after recrystalliza­
tion from benzene or acetic acid. 
Table 3 contains the approximate solubility of phen-
oxathiin-lO-oxide in some common solvents. 
Phenoxathiln-10~oxide crystallizes in the form of 
massive needles or prisms from glacial acetic acid or benzene. 
Other commonly emxiloyed recrystallization solvents are 
methanol, ethanol and dilute acetic acid. 
Physical Properties of Phenoxathiin-lO-dioxide 
Melting points reported for phenoxathiln-lO-dioxlde 
have been in the range 140-1^8°.^^*^^*"^^ The melting point 
encountered most frequently is 147-1^8*^. Mauthner's product 
melting at IhO-lkl may have contained a small amount of 
17 
Table 3. A-jproxlmate solubility of phenoxathlln-10-oxlde 
(Grrame per 100 grams of solvent at 25°) 
Solvent Solubility 
Acetone 3.0 
Benzene 0.2 
Carbon 
tetrachloride 
0.4 
Ether 0.5 
Methanol 5.0 
VMP Naphtha 0.1 
Water 0.1 
phenoxathlln or phenoxathlln-10-oxlde as It gave a blue 
color In concentrated sulfuric acld.^^ This supposition Is 
based upon the observation that phenoxathlln and phenoxa-
thlln-lO-oxlde yield purple to violet solutions in concen­
trated sulfuric acid, whereas phenoxathlin-10-dloxlde forme 
a colorless solution. The pure grade of the commercially 
available material melting at 1^7-1^8° gives no color in 
concentrated sulfuric acid solution. 
Phenoxathiln-10-dioxlde is insoluble in petroleum 
39 
ether and ligroln. Though slightly soluble in hot carbon 
18 
tetrachloride, the compound Is very soluble In chloroform. 
39 0 Mauthner reported that the product melting at l40-l4l was 
soluble In ether, ethanol and benzene. The present writer 
observed that only a small amoiHit of pure phenoxathlln-lO-
dloxlde was soluble In a large volume of ether. Ether and 
benzene were conoluded to be In different solvent categories 
as far as the ability to dissolve phenoxathiln-lO-dloxide 
was concerned. The solvents normally employed for recrys-
talllzation are dilute acetic acid, glacial acetic acid and 
ethanol. 
Methods of Preparation of Phenoxathiln 
39 In 1906 Mauthner"^  reported the first preparation of 
phenoxathiln. The compound was prepared from 3-phenoxathlln-
carboxyllc acid which was decarboxylated by heating with 
calcium oxide. 
S-
0^-
CaO 
COjH Dry distillation 
19 
The decarboxylation reaction was used for a different 
5^ purpose by Gilman, Van Eee, Willie end Stuckwlech. These 
Investlgatore had carried out the reaction between phenoxa­
thlln and n-butylllthlum, followed by carbonatlon and acidi­
fication. The resulting 4-phenoxathllncarboxyllo acid was 
proved to contain the phenoxathlln ring system by decarboxy­
lation to yield phenoxathlln. In this ease decarboxylation 
was effected when a mixture coneisting of the acid, copper 
o bronze and qulnollne was heated at 200 for 30 minutes. 
The method of preparation of phenoxathlln which was 
53 
reported by Drew is interesting in that it involved re­
placement of tellurium by sulfur. Phenoxathlln was formed 
in over 90^ yield when phenoxatellurln was heated with 
sulfur. 
Following removal of the tellurium, the organic product 
was re crystallized from acetic add. Even though the melting 
+ S heat 
Gilman, Marian W. Van Ess, H. B. ¥1111^ and C. G. 
Stuckwisch, Jjj. Am. Chem. Soc.. 62. 2606 (19^ 0). 
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point was 58^» crystallized phenoxathlin yet contained 
6-7^ phenoxatellurin. The two IsomorphouB compounds were 
inseparable by crystallization. Since only phenoxatellurin 
formed an insoluble 10,10-dibromide, a solution of the mix­
ture was treated with bromine and phenoxatellurin was removed 
as the 10,10-dibroinide. The pure phenoxathlin melted at 58°. 
The identity of the product was established on the basis of 
the preparation process, analysis and proximity of the 
melting point to that of Mauthner's^^ phenoxathlin. Repeated 
recrystalllzation failed to raise the melting point to the 
60-61° reported by Mauthner. Drew did not mention the two 
other reports of the preparation of phenoxathlin. The omis­
sion is surprising since the close agreement between the 
melting point of Drew's phenoxathlin and the 59° reported 
earlier by Ferrarlo^^ would have constituted additional 
evidence for the assignment of structure. 
The route from a readily available starting material 
to phenoxathlin le a long one if phenoxatellurin is an inter­
mediate. Involved Is the reaction between diphenyl ether 
and tellurium tetrachloride and subsequent reduction of the 
resulting 10,10-diohlorophenoxatellurin to phenoxatellurin. 
Attempts to extend the "phenoxatellurin to phenoxathlin 
Ferrario, Bull, soo. chlm.. France. £, 536 (1911). 
D. K. Drew, J. Chem. Soc.. 223 (1926). 
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eyntheele" to Include the preparation of phenoxathlln deriv­
atives were mentioned by Drev^^, but no experimental details 
were published. 2-ChJLoro-8-methylphenoxatellurin was re­
ported to behave towards sulfur in a manner similar to that 
of phenoxatellurin. Explosions resulted when nitrophenoxa-
tellurins were heated with sulfur. 
The principal method used for the preparation of phen-
oxathiin is based upon the reaction of dlphenyl ether with 
sulfur in the presence of aluminum chloride. 
In 1911 descriptions of the above reaction were published 
55 57 
almost simultaneously by Ferrario and Ackermann."^' The 
latter worker had described the reaction in 1910 in a patent 
application. It was evident that Ackermann recognized that 
the reaction was not limited to the preparation of the parent 
compound since he reported also the preparation of a chloro-
Ackermann, German Patent 23^,7^3 (191li A.. 
i, 2912 (1911); Chem. Zentr.. I, 1768 (1911)]. 
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and & methylphenoxathiin from the appropriately substituted 
dlphenyl ethers. However, for the purpose of convenience 
t h e  r e a c t i o n  w a e  c a l l e d  t h e  " F e r r a r l o  r e a c t i o n T h i s  
name will be used in this theeie. 
In the experimental procedure deecribed by Ferrarlo the 
reactants were mixed in approximately the stoichiometric 
ratio, i.e., 0.5 niole each of dlphenyl ether and aluminum 
chloride and 1.0 gram atom of sulfur. The time and tempera­
ture of reaction, work-up procedure, melting point and 
analysis of ti^ product were described. 
Suter, McKenzie and Maxwell^^ stated that, "Ferrarlo 
claimed practically quantitative yields for his last 
method The first of the two methods by Ferrarlo 
was an unsuccessful attempt to prepare phenoxathiln by the 
reaction between dlphenyl ether and sulfur. The only 
reference which Ferrarlo made as to the success of the second 
method, other than the experimental procedure mentioned above, 
occurs in the following sentence: 
If one effects the reaction in presence of a cata­
lyst (anhydrous magnesium chloride or aluminum 
chloride) on® obtains a very good result, eepe-
clally if the temperature Is not too high. 
Suter and coworkers obtained mostly tarry products 
when they carried out the reaction according to the crocedure 
of Ferrarlo. After considerable research, these workers 
found that, when exeess of dlphenyl ether was emrloyed, Dure 
23 
phenoxathlln in yields of 67-72^ was obtained. The use of 
solvents other than the excess of diphenyl ether failed to 
Improve the yield. Little, if any, reaction occurred in re-
fluxing carbon disulfide. The reaction in sym-tetrachloro-
ethane at eteam bath temperature produced a 48^ yield of 
phenoxathlln. Bennett, Leslie and Turner^^, using the best 
luethod of Suter, McKenzie and Maxwell •^, prepared phenoxa­
thlln in 88^ crude yield. The yield of pure product, obtained 
after two recrystallizations from ethanol, was S9,5%» 
The most detailed experimental procedure for the (repa­
ration of phenoxathlln is that by Suter and Maxwell.^® Crude 
yields in the vicinity of 87^ are obtained by this procedure. 
The lose on one recrystallization from methanol Is about 
In the course of preparing phenoxathlln for use in metalatlon 
reactions, Oilman, Van Eee, WHIIb and Stucltwiech^^ confirmed 
the yields reported by Suter and Maxwell, 
Preparation of Phenoxathiln-lO-oxide 
Derivatives of phenoxathiln-lO-oxide have been synthe­
sized by ring closure methods but the parent heterocycle has 
been prepared only by oxidation of phenoxathlln and by hy­
drolysis of 10,10-dlchlorophenoxathlin, The reduction of 
phenoxathiin-lO-dloxide to phenoxathlln-10-oxlde has not 
24 
been reported. Despite the fact that It has been prepared 
by principally one method, there has been general agreement 
ae to the structure of phenoxathlln-10-oxlde. Yet no large 
ecale preparation hae been described, probably because there 
are eo few preparations in which phenoxathlln-10-oxlde le 
known to be a good starting material. 
From the standpoint of ite preparation, phenoxathiln-
10-oxide enjoys an unenviable position between its reduction 
product, phenoxathlln, and its oxidation product, phenoxa-
thiin-10-dioxide. It le shown below that if too mild oxi­
dizing conditions are employed the 10-oxide will contain 
unreaoted phenoxathlln. On the other hand, under slightly 
more vigorous oxidizing conditions a mixture of the 10-oxlde 
and 10-dloxlde may be formed. The separation problem in 
this latter case is more difficult than in the case of a 
mixture of phenoxathlln and one of the oxidation products. 
Gilman and Esmay^^ compiled an extensive table of data 
in the course of study of the peroxide oxidation of phenoxa­
thlln. Upon examination of this table it is evident that 
the course of the oxidation in glacial acetic acid is ex­
tremely dependent upon such factors as ratio of moles of 
peroxide to moles of phenoxathlln, amount of acetic acid, 
temperature of reaction and time of reaction. Though these 
workers did not carry it out with this purpose in mind, one 
25 
of the experlfflente 1B qvilte similar to that procedure of 
Drew.Thus, when a lOJg excess of aqueous hydrogen 
peroxide was added to a 20% solution of phenoxathlln In 
glacial acetic acid, the mixture heated at 90-98® for 20 
minutes and then diluted with water, there resulted a ^ 0^ 
yield of phenoxathlln-10-oxlde and a recovery of starting 
material. In other experiments the yields of the 10-oxlde 
ranged from zero, In which case a 97^ yield of the lO-dloxlde 
was obtained, to 90^. 
As a part of the above mentioned Investigation Gllman 
51 
and Esmay found that ethanol was superior to glacial acetic 
acid as a solvent for the preparation of phenoxathlln-10-
oxide. There was no appreciable oxidation to the dioxide 
even when an eightfold excess of hydrogen peroxide was 
employed. Yields of and 98^ of pure phenoxathlln-10-
oxlde were obtained In the 0.05-mole rune. 
Phenoxathlln-10-oxlde has been prepared In yields of 
91-95% by nitric acid oxidation of phenoxathlln In glacial 
k9 
acetic acid solution. Tomlta and Ikeda prepared phenoxa-
thlln-lO-oxlde, m.p. 151-15^'^» In 92^ yield by adding a 
multifold excess of ftualng nitric acid (sp. gr. 1.^5) to a 
dilute solution of phenoxathlln at Similar condi­
tions were employed by Nobis, Blardinelll and Blaney^^ in 
an unsuccessful attempt to prepare 2-nltrophenoxathiln. 
26 
Thue, fuming nitric acid (ep, gr. 1.5) at 3®° effected no 
nitration, but afforded a 91% yield of phenoxathiin-lO-oxide. 
In the course of thie work phenoxathiln-lO-oxide was 
prepared In yielde of 93^ and 3$% by oxidation with dilute 
nitric acid (ep, gr, 1.2). This oxidizing agent had been 
used by Mauthner for the preparation of lO-oxides of 1,3-
30 dinitrophenoxathiin and l-nitro-3-phenoxathiinoarboxylic 
39 
acid. 
In an unsuccessful attempt to nitrate phenoxathiin 
50 
Irie added acetyl nitrate to a cold solution of phenoxa­
thiin in carbon tetrachloride. Phenoxathiln-lO-oxide wae 
the only product isolated. 
50 
Irie isolated 10,10-dichlorophenoxathiin and observed 
that this orange, crystalline compound was easily hydrolyzed 
to phenoxathlin-lO-oxide. Hydrolysis was accomplished when 
the crystals were poured upon ice or left exposed to the 
52 
atmosphere. Nobis, Blardinelli and Blaney prepared 
phenoxathiin-lO-oxide in 81% yield by pouring upon ice that 
10,10-dichlorophenoxathlln mixture formed by passing chlorine 
iuto a solution of phenoxathiin in glacial acetic acid. 
53 
Drew found that phenoxathiin-lO-oxide was formed by 
hydrolysis of a solution of phenoxathiin in cold, concen­
trated sulfuric acid. The reaction was not intended as one 
27 
of preparative value, but was cari'led out ae part of an In­
vestigation of the action of sulfuric acid upon phenoxathlln. 
Preparation of Phenox&thlln-lO-dloxide 
Phenoxathlin-10-dioxide has been prepared only by 
oxidation of phenoxathlln and phenoxathlin-10-oxide. Since 
the product le not in an intermediate oxidation state, the 
conditions for carrying out the oxidation are not so limited 
as in the case of the preparation of phenoxathlln-10-oxlde. 
There has been no report of cleavage of the ring system by 
an oxidizing agent. 
The initial preparation of phenoxathlin-10-dloxlde was 
reported by Mauthner^^, who oxidized phenoxathlln with a 
solution of ckfomlc acid in acetic acid. The preparation 
has been repeated by Prew^^ and by Irle,^® That the 10-oxide 
wae the probable Intermediate oxidation product In the oxida­
tion of phenoxathlln to the 10-dloxide was shown by Tomlta 
and Bceda when they carried out the chromic acid oxidation 
of phenoxathiin-10-oxlde to phenoxathiin-10-dloxlde. 
Irle^^ prepared phenoxathlln-10-dioxlde by oxidizing 
phenoxathlln in glacial acetic acid with exceee fuming nitric 
acid (ep. gr. 1.^5)• With two exceptions these conditions 
hQ 
are very similar to those described by Tomlta and Ikeda^ 
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for the preparation of the 10-oxlde, The actual amount of 
oxidizing agent employed by Irie was only 60^ of that amount 
used when the oxide was the desired product. The temperature 
was the important factor, however. Irie carried out the 
reaction at 80° as compared to 30-^0° used by Tomita and 
Ikeda. 
Drew^^ obtained phenoxathiin-lO-dioxide by long heating 
of a glacial acetic acid solution of phenoxathiin and hydro­
gen peroxide, A similar but much more detailed procedure, 
one which afforded a 97/^ yield of the lO-dioxide, was de­
scribed by G-ilman and Esmay.^^ Drew^^ also mentioned the 
preparation of phenoxathiin-10-dioxide by oxidation with 
potassium permanganate, but he provided no details. 
Ring Closure Methods of Preparation of 
Phenoxathiin Derivatives 
The first compound containing the phenoxathiin ring 
system was prepared by the condensation of plcryl chloride 
with the disodium salt of jo-thiolphenol. Mauthner^® believed 
that the reaction occurred as shown below and that the 
product melting at 187° v&e 2,^i-dlnltrophenoxathiin. How­
ever, it will be shown subsequently ths.t the compound was 
1,3-dinitrophenoxathlln. 
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Stevenson and Smiles^® encountered the same problem In 
that the reaction between 2~hydroxy-l-thiolnaphthalene and 
plcryl chloride would yield the dlnltro derivative (II) or 
(III) depending upon whether sodium nitrite was eliminated 
through the salt of the thiol or the phenol. It was proved 
that the reaction occurred by the latter mechanism when the 
dlnltro compound, III, was found to be identical with the 
T)roduct from the action of sodium hydroxide upon the S-plcryl 
derivative of 2-acetyloxy-l-thlolnaphthalene, 
A. Stevenson and S. Smiles, J. Chem. Soc.. 7I8 
(1931). 
30 
N02 
OH OgNN^NOz 
NaOH 
\^^ ''^ N02 
Additional evidence for the formation of 1,3-<3inltro-
phenoxathlin and not the 2,4-leomer was provided by Mauthner 
when he carried out the base-catalyzed reaction between £-
thiolphenol and 3,5-dinltro-4-chlorobenzoic acid. This re­
action, illustrated below, is very similer to the one ueed 
in the preparation of 1,3~dinitrophenoxathlln; the only dif­
ference between the 3» 5-dlnltro-4-chlorobenzolc acid and 
plcryl chloride being a carboxyl group in the former and a 
nitro group in the latter compound. 
39 
31 
NaOH in 
alcohol 
CO2H 
It is somewhat surprising that this product which melted at 
262° wae designated l-nltro-3~phenoxathllncarboxyllc acid 
by Mauthner.^^ This designation was shown to be correct when 
a later worker proved that the nltro group was In the 1-
50 
position. Thus, there is little doubt that the dlnitro 
compound, prepared by the same type of reaction, was 1,3-
dinitrophenoxathlln. 
The preparation of l~nltro-3-phenoxathilncarboxyllc 
acid according to Mauthner's method has been repeated by 
Irle^® and by Shirley and Lehto^^, who reported melting 
ooints of 259*^ and 260-262®, respectively. All three groups 
of workers prepared l-amlno-3~phenoxathllnoarboxylic acid 
39.50,59 by reduction of the nltro compound, 
39 59 
Mauthnep and Shirley and Lehto carried out the 
dlazotizatlon of l-amlno-3-phenoxathllncarboxyllc acid and 
subsequent removal of the diazo group. The resulting 3-
phenoxathilncarboxyllc acid, m.p, 223®, was the first 
A, Shirley and E. A, Lehto, ^  Am. Ghem. Soc.. 77. 
1841 (1955). 
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phenoxathlin derivative containing only a carboxyl group, 
Shirley and Lehto^^ showed by a mixed melting point deter­
mination that the 3-acid wae different from the 1-phenoxa-
thiincarboxylic acid, m.p, 221-222®, which they prepared by 
metalation of phenoxathiin-lO-oxide with n-butyllithium, 
Irie^® converted l-affiino-3-phenoxathiincarboxylic acid 
to l-chloro-3-phenoxathilncarboxylic acid by diazotization 
followed by the Sandmeyer reaction. Subsequent decarboxyla­
tion by dry distillation from calcium oxide yielded 1-
chlorophenoxathiin, m.p. 78-80®. That the chlorophenoxathiin 
was neither the 2-ieomer, m.p. 88-89°, nor the chlorophenoxa­
thiin, m.p. 78-79°, obtained by chlorination of phenoxathiin, 
was shown by depressions in melting points of the mixtures. 
4-Chlorophenoxathiin is e liquid. 
Several polysubstituted derivatives of phenoxathiin 
were prepared by ring closure syntheses which were modifica­
tions of Mauthner's picryl chloride method. Bennett, Leslie 
and Turner^"^ prepared 3-nitro-8-methyl-l-phenoxathiincar-
boxylic acid by condensing 3-thiol-£-tolyl carbonate with 
2-chloro-3,5-dinitrobenzoic acid in an aqueous ethanol 
solution of potassium hydroxide. The structure of the 
product was assigned on the basis of the reaction by which 
it was prepared and the analytical data. 
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Pollack and Riesz ' preparet^ a tetranitrodlphenoxa-
thlin and two polynltrophenoxathiln dleulfidee "by heating 
dlpicryl derivativeB of dithlolphenols in ethanolic potaeeium 
hydroxide. The identity of each of the products was based 
on the analytical data. 
The compound prepared from the dipicryl derivative of 
4,6-dithlolreBorcinol was aeeipned the structure illustrated 
below. 
NO, MOt 
l»3»l'»3'-Tetranitrophenoxathiin-8,8'-diBulfide, a com­
pound which decomposes explosively on heating, was prepared 
from the dipicryl derivative of 2,4-dithiolphenol. 
'ollack and E. Riesz, Monatsh.. ^0. 251 (1928). 
Pollack and E. Riesz, ibid.. 12 & 90 (1929). 
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A dark red compound, 1,3,1',3'-tet^anltro-7»7'-dlmethyl-
Dhenoxathl^n-8,8•-dieulflde, was obtained from the diplcryl 
derivative of 2,4-dlthiol-5-niethylphenol,®® 
6? 
Katscher and Lehr prepared 1,3»1'»3'-tetranltro-7i9, 
7',9'-tetrainethylphenoxathlln-8,8'-disulfide, m.D. 255-257°» 
by heating plcryl chloride with 2,4-dlthlol-3t5-dimethyl-
phenol In ethanollc potassium hydroxide solution. 
MO, CHj MO, CM* . CH, _ Wj 
Katecher and H. Lehr, ibid.. 236 (1934). 
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When Pollack, Rlesz and Rleaz^^ carried out the conden-
eatlon of 2,4-dithiol-6-methylphenol with chloranll there 
resulted a brown solid which decomposed at 250^ without 
melting. This material, the constitution of which was based 
only upon the analytical data, was called l,^-diketo-2-
chloro-3-(3'-methyl-4•-hydroxy-5'-thiolphenyl)thiol-6-
methyl-8-thiolphenoxathiin. 
CI 
ethanol I 
Several phenoxathiin derivatives have been prepared 
from 2-hydroxydiphenyl sulfides or sulfoxides by intramolecu­
lar ring closure reactions. Hilditch and Srailee^^ prepared 
2,8-dimethylphenoxathiin (IV) by allowing 2,2'-dihydroxy-5»5'-
dimethyldiphenyl sulfoxide to stand in contact with cold, 
concentrated sulfuric acid for several hours. The mixture 
containing 2,8-dimethylphenoxathiin and the 10-oxide yielded 
pure 2,8-diffiethylphenoxathiin, m.p. 74®, after reduction 
with zinc in glacial acetic acid. In a subsequent 
®3t. p. Hilditch and S. Smiles, J. Chem. Soc.. ^ 08 
(1911). 
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paper these workers showed that the ring closure reaction 
was not a simple dehydration. When the cold reaction mixture 
consisting of the sulfoxide and sulfuric acid was allowed to 
stand only a few minutes, and then poured Into Ice, there 
were obtained orange leaflets, m.p. 105-110°. This rather 
unstable compound. Isomeric with the starting material, was 
called 2,8-diffiethylphenothloxonlum hydroxide. The structure 
which has been proposed Is shown by compound V, 2,8-Dlmethyl-
phenothloxonlum hydroxide was reduced to 2,8-dlmethylphenoxa-
thlln by treatment with zinc In cold glacial acetic acid. 
0 
• 
COT>C. H2S04. 
several hours 
t, COnc.H2S04 
Zn, HOAc 
z, ice V 
OH 
2n, HOAc 
•"O: 0 0 
OH 
Y lY 
p. Hlldltch and S. Smiles, Ibid.. 973 (1911). 
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Tomlta®^ prepared 2,8-difflethylphenoxathlln from 4,4'-
dimethyIdlphenyl ether by the Ferrarlo reaction. This later 
o 
worker reported the melting point as 73-7'* • 
Hlldltch and Smiles®^ obtained pure 2,8-dlchlorophenoxa-
thlln-lO-oxlde, m.p. 168°, by treating 2,2'-dlhydroxy-5.5*-
dlchlorodlphenyl sulfoxide with cold, concentrated sulfuric 
acid, Ae In the case of the dimethyl derivative, an orange 
phenothloxonlum hydroxide was Isolated.®^ The 2,8-dlchloro-
phenothloxonlum hydroxide melted at 14^2-145®* When a cold 
solution of this hydroxide wae poured Into water, the 10-
oxlde, 166°, wae formed. However, when the Isolated 
hydroxide was dissolved In glacial acetic acid and the solu­
tion refluxed one-half hour, 2,8-dlchlorophenoxathHn, m.p, 
135°. was the product. Thle last compound was also prepared 
by reduction of 2,8-dlchlorophenoxathlln-l'^-oxide with zinc 
and acetic acid. The method of Hlldltch and Smiles®^ wae 
50 
used by Irle who reported that 2,8-dlchlorophenoxathlln 
melted at 137°. 
58 
Stevenson and Smiles prepared one of the most Im­
portant of the phenoxathlin derivatives when they carried out 
the ring closure of 2,5,5'-trlbromo-2'-hydroxydlphenyl 
sulfide. 
Tomlta, ^  Pharm. Soc. Japan. 58. 510 (in German, 
136) (1938) [£s. 12, 7467Ti938); Chem. Zentr.. 110. 1, 
3892 (1938)]. 
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The product, 2»8-dlbrofflophenoxathlln, Is the reference com­
pound upon which are based the structural aesignuiente of 
many substitution productB of phenoxathiln. The eyntheeie 
of the diphenyl sulfide began, for all practical purpoeee, 
with the preparation of 2,S-dibromobenzenesulfenyl chloride 
from bie-(2,5-dibromophenyl)disulfide and chlorine. The 
eulfenyl chloride was not isolated, but was allowed to react 
with ^ ^broiBophenol in carbon tetrachloride solution for 2 
days. From the aaixture there was obtained 2,5»5*-tribromo-
2'-hydroxydlphenyl sulfide as a visoous oil which was 
characterized by conversion to the methyl ether (YI), m.p. 
39 
142°. The structure of the methyl ether WEB not proved, 
An ethanollo solution containing the impure 2,5.5*-ti'it'romo-
2'-hydroxydiphenyl sulfide and one equivalent of sodium 
ethoxide was allowed to evaporate and the resulting sodium 
salt was dried under reduced pressure. Cyclization was ef­
fected when the salt wae heated with cupric sulfate. Fol­
lowing crystallization of the sublimate from alcohol pure 
2,8-dibroffiophenoxathiin, m.p, 92®, was obtained, 
3,7-Dinitrophenoxathiin, m.p, 204-205°, was prepared in 
81^ yield when the potassium salt of 2-hydroxy-2'-iodo-4,4'-
dinitrodiphenyl sulfide was heated with copper powder,®® It 
66 
is unfortunate that Ametutz did not reduce the 3,7-dinitro-
OK 
phenoxathlin to 3,7-dieminophenoxathiin since this latter 
compound had been prepared by Irie,^® There should be little 
doubt as to the identity of Amstutz's product, though the 
poBsibility exists that Irie's diamine, prepared by the 
®®E. D. Amstutz, J, Am. Chem. Soc,. 72. 3^20 (1950). 
reactlone llluBtrated below, may have been the 1,7- or 
1,9-derlTatlve. 
The ring closure reaction which Irle used to obtain the 
precursor to 3»7-dlamlnophenoxathlin belongs, as far ae type 
of reaction le concerned. In the claee with the Ferrarlo re­
action. However, It Is described here since It wae the only 
reaction reported, other than that of Amstutz, which yielded 
a 3i7-phenoxathiin derivatlTe. The aluminuffi chloride-
catalyzed reaction between 3,3'-dlacetamidodiphenyl ether 
and thionyl chloride yielded a mixture of 3»7-dlacetamldo-
phenoxathlln and its lO-oxlde, After the mixture wag treated 
with hydrogen bromide in glacial acetic acid, the pure 3»7-
diacetamldophenoxathlln, m.p, 289-290°, was obtained. The 
corresponding diamine melted at 167-168°. 
T SOCI2 Yll+vn-lO-oxiae 
HBr in 
HOAc 
1, HCl 
2, NH4OH 
kl 
Irle-^ believed that ring closure occurred through the 
6,6'-positions, para to the acetamldo groups. Ring closure 
through the 2,6•- or the 2,2'-positions In 3,3'-dlacetamldo-
dlphenyl ether would yield 1,7- or 1,9-dlacetanildophenoxa-
thlln, respectively. These last two poBElbllltles cannot be 
completely disregarded. 
0 
Several substituted dlphenyl ethers containing the 
sulflnlo acid group In the 2-T)Osltlon have been converted 
to phenoxathlln derivatives upon treatment with dehydrating 
agents. The method was first applied when Krishna®"^ added 
concentrated sulfuric acid to a suspension of 2-sulflno-4-
nltrodlphenyl ether In acetic anhydride and obtained a mix­
ture of 2-nltrophenoxathlln (VIII) and Its 10-oxlde. Follow­
ing treatment of the mixture with hydrobromlc acid there was 
Krishna, J. Chem. Soc.. 2782 (1923). 
^2 
isolated a product, m.p. l40 , which was reported as 2-
nitrophenoxathiln. Irie^^ repeated the preparation and ob-
o 
served that the compound melted at 160 . After oxidation 
to the 10-dioxide, Krishna's compound melted at 205-206° , 
while that of Irie melted at 196.5» 
o 
50 
The lower melting 
point le closer to the 192-19^" which Nobis, BlsLTdinelll and 
<2 
Blaney reported for 2-nltrophenoxathiln-lO-dloxide prepared 
by nitration of phenoxathiln-10-dioxlde with fuming nitric 
acid. Irie carried out the reduction of 2-nltrophenoxathiln 
_o 50 52 
to 2-amlnophenoxathiin, m.p, 98 . Nobis and co-workere , 
who prepared the amine by the Beckmann rearrangement of 2-
ace 
95' 
tylphenoxathlin oxime, reported the melting point as 93-
,0 
AcjO 
H2S04 
VIll + Y III-iO-oxide 
HBr in 
HO Ac 
SnCl2+ HCl 
fuming HNO3 
^3 
50 o 
Irie prepared 2,8-dlnltrophenoxathlln, m.p, 1^3 , 
from 2-sulflno-4,4'-dlnltrodlphenyl ether (see equations 
below) by employing the procedure described above for the 
preparation of the raononltro compound. When 2,8-dlnltro­
phenoxathlln wae reduced there resulted an amine, m.p. 118®, 
which Tj^as expected to be 2,8-dlamlnophenoxathlln, Noble and 
52 o 
co-workere reported that this amine melted at 171-173 • 
Irie carried out the oxidation of 2,8-dlnltrophenoxathlln 
and showed that the 10-dloxlde was Identical with 2,8-
dlnltrophenoxathlln-lO-dloxlde, m.p. 276-278°, obtained by 
5 
nitration of phenoxathlln-10-dloxlde. Nobis and co-workers 
repeated this last reaction and observed that 2,8-dlnltro-
phenoxathlln-lO-dloxide melted at 283-286®. The melting 
points of 239-2^0° and 244-24'7.5° were reported by Irle^® 
52 
and by Nobis and co-workers-'^ , respectively, for 2,8-
dlaminophenoxathiin-lO-dioxide. 
HCl 
CrOa 
in HOAc 
HCl 
hk 
It iB evident that one of the two diamines designated 
as 2,8-dlamlnophenoxathiin, either the one melting at 118® 
or that melting at 171-173®» 1b another compound. The latter 
melting point appears more logical upon consideration that 
the structurally similar 3»7-diaminophenoxftthiin®® melts at 
167-168°. The poBBlbillty that the dinitro compound, m.p, 
1^3®» of could be reduced to the diamine, m.p, 171-
0 52 
173 » of Noble is quite remote in view of the fact that 
the melting point of each of the other mono- and dinitro-
phenoxathiine was higher than that of the correeponding mono-
and diamines. It appears strange that 2,8-dinltrophenoxathHn 
should melt at 1^3®, whereas 2-nitrophenoxathiin melts at 
160® and 1,3-^^ and 3»7-dinitrophenoxathiin®® melt at 187® 
I o 
and 204-205 * respectively. However, it is unlikely that 
any compound other than 2,8-dinitrophenoxathiin or its 10-
oxide could be oxidized to 2,8-dinitrophenoxathlin-lO-dioxide, 
a derivative with a well-established structure. Further dis-
cuseion of this controversy occurs in the section dealir^ 
with the Friedel-Grafts acetylatlon of phenoxathiin. In this 
section is described the preparation of 2,8-diacetylphenoxa-
thiin, a compound which is a precursor for the amine melting 
at 171-173®. 
Two workers, Krishna®*^ and then Irie^^, reported the 
preparation of 2-chloro-8-nitrophenoxathiin from 
45 
2-Bulfino-4-nltro-4'-chlorodiphenyl ether and acetic an­
hydride, Krishna's product melted at 128-129*' while that 
of Irle, prepared according to the method of Krishna, melted 
at 195*^• Til® compound melting at 128-129° was oxidized to 
the 10-dloxlde, m.p, 183-185°# 
2-Hethyl-8-nitrophenoxathiin was prepared from 2-
sulfino-4-nitro-4'-methyldlphenyl ether by Krishna®"^, who 
reported that the product melted at 156°» and by Irie^®, who 
reported the melting point as 160°. Of the several prepara­
tions of phenoxathiin derivatives from sulflnodiphenyl 
ethers, this is the only one which has yielded apparently 
the same product to two different workers. 
Irie-' prepared 2-methosy-8-nitrophenoxathiin, m.p. oa. 
300°, by the ring closure reaction of 2-Bulflno-4-nltro-4•-
methoxydiphenyl ether with acetic anhydride and concentrated 
sulfuric acid. 2-Amino-8-methoxyphenoxathiin, prepared by 
SO 
reduction of the nltro compound, melted at 277 • These 
two melting points appear extremely high. It is strange 
that the introduction of a methoxy group into a nltro- or 
an amlno-phenoxathiin should have such an effect upon the 
melting point. 
Two phenoxathlin-10-dioxlde derivatives were obtained 
as side products from rearrangement reactions of hydroxy-
sulfonee. Kent and Smiles reported that 2-chlorophenoxa-
^6 
thlln-10-dloxlde was formed along with the expected product, 
2-8ulfino-4-ohloro-2'-nitrodlphenyl ether, when 2-hydroxy-
5-chloro-2'-nltrodlphenyl eulfone was warmed with aqueous 
sodium hydroxide. Neither the melting point nor the analysis 
of the 10-dioxide was reported. 
MaOH NaOH 
AO 
When Kent and Smiles carried out the rearrangement 
of 2-hydroxy-5-methyl-2'-nitro-4'-chlorodiphenyl sulfone they 
obtained 2-8ulfino-4^-methyl-2'-nitro-4*-chlorodiphenyl ether, 
the formula of which was shown incowectly as IX in the 
article, and a phenoxathiin derivative which melted at 173°* 
The compound was named 3-chloro-8-methoxyphenoxathiin-10-
dioxide and the structure illustrated by X was shown. The 
"methoxy" was undoubtedly a typographical error and the 
placement of the chlorine in the 3-poBition was a continua­
tion of the error in IX. The phenoxathiin derivative was 
B. A. Kent and S. Smiles, J. Chem. Soc.. 422 il93k). 
47 
obtained when the eolutlon of the sodium sulfinate wae heated 
longer than neoeaeary to cause rearrangement of the sulfone 
to take place. It was believed to have formed as a result of 
an intramolecular reaction between the nitro and the sodium 
sulfinate groups. Though not so named, the compound which 
melted at 173° probably 2-chloro-8-methylphenoxathiin-
10-dioxide. 
aqueous 
NaOH 
OH 
CH, 
IX X 
There was no indication that Kent and Smiles believed 
that X was formed directly from 2-hydroxy-5-methyl-2'-nitro-
4J-chlorodiphenyl sulfone. The ring closure would involve 
elimination of sodium nitrite between the nitro group and the 
sodium salt of the phenol, A similar reaction was described 
U8 
earlier In connection with the proof of the structure of 
1,3-dinltrophenoxathiin and with Stevenson and Smiles 
work with the S-picryl derivative of 2-acetyloxy-1-thiol-
naphthalene. 
35 
Suter, McKenzie and Maxwell prepared 2,8-dibroino-
o 
phenoxathiin-lO-dioxide, m.p, 183-186 , by treatment of a 
eolution of 2-(4-bromophenoxy)-5-hromobenzeBulfonyl chloride 
(XI) in sym.-tetrachloroethane with aluminum chloride. 
Since the structure of XI was based upon the reactions by 
which XI was prepared, those reactions are described below. 
An attempt to prepare XI by the reaction of '-dibromodi-
phenyl ether with excess chlorosulfonic acid was unsuccess­
ful. The product was a disulfonyl chloride which probably 
had the structure illustrated by XII, The reaction of 
dibroraodiphenyl ether with one equivalent of chlorosulfonic 
acid yielded a benzenesulfonic acid which was not Isolated, 
but was converted to the sodium salt. A quantitative 
analysis for sodium was performed on the salt. 2-(^-
Bromophenoxy}-5-bromobenzenesulfonyl chloride was formed 
when the salt was refluxed with excess ptMsphorus oxy-
chloride. 
49 
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The reaction between subetituted dlphenyl ethere, sulfur 
and aluminum chloride, called the Ferrario reection, has been 
employed for the preparation of chloro- and alkyl-eubstltuted 
phenoxathllne. The first compound of this type was prepared 
57 
when Ackermann obtained 2-methylphenoxathiin from the re­
action of 4-methyldiphenyl ether %fith sulfur and aluminum 
chloride. The melting point of the product, 36°, ie in agree-
ment with the 38-39 which Suter and Green-^ observed after 
34 
repeating the preparation. Suter and Green prepared 4-
methylphenoxathiin, a liquid, and a methyl derivative which 
I o 
melted at 83-84 from 2- and from 3-metbyldiphenyl ether, 
respectively. There was the possibility that the meta-
50 
substituted ether yielded either 1- or 3-methylphenoxathiln, 
depending upon whether rine cloeure occurred ortho or para. 
respectively, to the methyl group. The investigators be­
lieved that the latter poesibility was the more likely and 
, o 
suggeeted that the compound which melted at 83-8^ was 
3-niethylphenoxathiin. 
Mentioned earlier the preparation of 2,8-dimethyl-
phenoxathiin by the Ferrario reaction and by the ring 
closure of 2,2'-dihydroxy-5,5'-diinethyldiphenyl eulfone,®^ 
Tomita prepared 2,8-diethylphenoxathlin, a liquid, from 
^,4»-diethyldiphenyl ether.®^ 
57 
Ackermann"^ carried out the Ferrario reaction on 
chlorodiphenyl ether and reported that the product, m.p. 37°» 
was 2-chlorophenoxathlin. However, when Suter and Green^ 
repeated the reaction, these workere obtained a compound 
<0 
which, according to later work by Irie-^ , ie 2-chlorophenoxa­
thlin. The melting point, 88-89°, of the product of Suter 
50 
and ©reen was also observed by Irie , who prepared 2-
chlorophenoxathiin from 2-aminophenoxathiln, 
The product from the Ferrario reaction of 3-chlorodi-
phenyl ether was designated as 3-ehlorophenoxathiin by Buter 
and &reen« However, the eame situation exiets as in the 
case of the reaction of 3-methyldiphenyl ether. If a chloro-
phenoxathiln wae the product, it may have been either the 
51 
1- or the 3- derivative. The question ag to whether a 
chlorophenoxathiln was Isolated has arleen for two reagons. 
First, there was no rigorous evidence that the compound 
melting at 59-60® was a pure chlorophenoxathiln. Second, 
there have "been reported, in addition to the chlorophenoxa-
0 57 
thlln, ffi.p, 37 , of Ackermann , five compounds designated 
as chlorophenoxathilnR, Plnce there are only four different 
positions in phenoxathlin, it is logical that one of the 
five compounds ie not a chlorophenoxathiln. The 1-, m.n, 
78-80®^^, the 2-, m.p. 88-89°^^*and the ^-chlorophenoxa-
3^ 
thlln, a liquid , have been prepared by unambiguous eyn-
theses, A fourth chlorophenoxathiln, n),p, 78-79°^^» 81-82°^^, 
the product of chlorination, has been obtained by two workers 
and shown to be different from the 1-^®, 2-^^'^^ and 
isomerB. Either this chlorination product or the material, 
o 
m.p. 59-60 , which has been prepared only one time and then 
by an ambiguous reaction, ie 3-chlorophenoxathiln. 
52 
34 3'5 Suter and coworkers-^ made numerous attempts to 
prepare 2-bromophenoxathlln from 4-bromodlphenyl ether, 
Bulfur and aluminum chloride. The reaction was violent at 
100° and the product was a mixture with an indefinite melt­
i n g  p o i n t  f r o m  w h i c h  n o  p u r e  c o m p o u n d  w a s  i s o l a t e d . S u t e r  
"Slf 
and Green-^ reported that 2-methoxydiphenyl ether gave no 
evidence of undergoing the Ferrario reaction at 100°, but 
suggested that 3-niethoxydiphenyl ether would probably react. 
The Ferrario reaction did not take place when Gilman, Van 
Eee, Willie and Stuckwisch-^ heated a mixture of 2--carboxy-
diphenyl ether, eulfur and aluminum chloride for 4 hours at 
120-140°. 
Oxidation Reactions 
The oxidations of phenoxathiln to phenoxathiln-lO-oxide 
and to phenoxathiln-lO-dioxlde were discussed in the sections 
dealing with the preparation of these two oxidation products. 
In several cases the reagent which effected the oxidation 
of phenoxathiln to the lO-dloxlde was aleo used to prepare 
the lO-oxlde. This latter compound was the principal product 
when the same oxidizing agent was employed either in smaller 
amounts, at a lower temperature, or in a different solvent. 
53 
Several oxidizing agents convert derivativee of phenoxa­
thlln to the corresponding lO-oxides. However, since rela­
tively few 10-oxldes have been prepared, no one of the 
reagents has been used extensively. The 10-oxides of _-cyclo-
69 30 
hexylphenoxathlln , 1,3-dinitrophenoxathlln , and 1-nltro-
39 3-phenoxathlincarboxylic acid were prepared by oxidation 
with dilute nitric acid. Hydrogen peroxide in glacial acetic 
acid oxidized 1,3-diacetaffildophenoxathiln^^ and 2,8-dimethyl-
phenoxathlln to the respective 10-oxldes. 
52 
Nobis, Blardlnelli and Blaney added an aqueous solution 
of sodium hypochlorite to 2-acetainldophenoxathlin in glacial 
acetic acid and obtained a mixture of 2-aoetainidophenoxathiin-
10-oxlde and 10-dloxlde. Though only the 10-oxide derivative 
52 
was Isolated, the workers had expected the 10-dioxide to 
be the major product since the reaction was carried out under 
70 the conditions which Grilman and Nobis had employed to 
oxidize 2,8-dlacetamldodibenzothiophene to the 5-dloxide, 
However, it cannot be concluded from this one reaction that 
dibenzothlophene is more readily oxidized to the dioxide than 
is phenoxathlln. This one experiment is certainly not the 
69 
B. Smith and H. Moll, U. S. Patent 2,273,905 
(19^2) A:., 3807 (19^2)]. 
Gilman and J. F. Nobis, J, Am. Chem. Soc.. 71. 2?^ 
(1949). 
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basis of a gerwJral coinparleon of the relative ease of oxida­
tion of the two heterocycles. After an extensive study of 
the oxidation of dibenzothiophene and phenoxathiin by hydro­
gen peroxide, Gilman and Eamay^^ stated that "the oxidation 
of phenoxathiin to either the monoxide or the dioxide pro­
ceeds more readily than does the corresponding oxidation of 
dibenzothiophene." 
The conversion of phenoxathiin derivatives to the 10-
oxides is often a side reaction which must be considered when 
carrying out reactions involving the use of halogens or mild 
oxidizing agents. Mentioned earlier was the observation that 
10,10-dichlorophenoxathiin, formed by the action of chlorine 
on phenoxathiin in benzene, was hydrolyzed to phenoxathiin-
10-oxide upon exposure to the atmosphere.^® 
Sodium hypohalite, a reasent which is used in the 
Hofmann reaction and in the oxidation of methyl ketones to 
carboxylic acids, has been shown to oxidize various sulfides 
71 
to sulfoxides and eulfones. However, 4-aminodibenzothio-
phene was prepared in 48^ yield from 4-acetaffiidodibenzothio-
51 phene by way of the Hofmann reaction. Thus some sulfides 
are not oxidized to a great extent under the conditions of 
the Hofmann reaction. The relatively high concentration of 
71 A ,  E. li^ood and E. G. Travis, jJj. Am. Chem. Soc.. io. 
1226 (1928). 
55 
alkali used In this reaction may InhlMt oxidation of some 
71 
sulfides. Wood and Travis showed that oxidation of di-
phenyl sulfide In aqueoue media occurred more rapidly at low 
sodium hydroxide concentrations. These reactions were 
carried out at temperatures lees than 27° however, whereas 
higher temperatures are employed in the rearrangement 
reaction. 
The Hofmann reaction carried out on 4-nhenoxathiin-
carboxylic acid amide yielded a product, m.p, 223-225°» with 
decomposition, which was designated as 4-ajninophenoxathiin 
54 51 hydrochloride. It was shown later by Q-ilman and Esmay , 
after a recalculation of the theoretical percentage of 
nitrogen, that the percentage nitrogen found by analysis 
agreed more closely with that for 4-amlnophenoxathiin-lO-
oxide hydrochloride. This analysis cannot be accepted as 
conclusive proof that the 10-oxide was formed, however. 
Apparently the same amine hydrochloride was obtained from 
the reaction of ^ -phenoxathiinyllithium with 0-methylhydroxyl 
5^ 
aaine. The conditions in this reaction are not usually 
considered as oxidizing. The amine was a liquid which was 
distilled at 209°/5 mm. It is the belief of this writer that 
4-aminophenoxathiin-lO-oxlde would be a solid which could 
be distilled only with greet difficulty. The hydrochloride 
of the liquid amine melted at 223-22^°, with decomposition. 
56 
The melting point of a mixture of the amine hydrochlorides 
prepared by the two methods was not taken. 
A large excess of hydrogen peroxide in hot glacial 
acetic acid oxidizes phenoxathiin and its derivatives to 
the corresponding 10-dioxidee.^^'^^'^^~^^'^^'®® Mauthner^^, 
67 50 
Krishna and Irie carried out the preparation of several 
10-dioxides by employing chromic acid in acetic acid as the 
67 
oxidizing agent. Krishna employed concentrated nitric 
acid in acetic acid to oxidize 2-nitrophenoxathiin, m.p. 
140®, to the 10-dioxide, m.p. 205-206*^. Trie's 2-nitrophen-
oxathiin, m.p. 160°, yielded 2-nitrophenoxathiln-lO-dioxide, 
m.p. 196°, upon oxidation with chromic acid.^® 
Hilditch and Smiles added the theoretical quantity 
of potassium permanganate to a cold acetic acid solution of 
2,8-dichlorophenoxathiin-lO-oxide, m. T > .  168*^, and obtained 
the 10-dioxide, m.p. 196°. The same reagent was used to 
59 
oxidize 2,8-dimethylphenoxathiin to the 10-dioxide. 
The oxidation of 2,8-dimethylphenoxathiin by alkaline 
potassium permanganate yielded 2,8-phenoxathiindicarboxylic 
acid-lO-dioxide, m.p. greater than 300°, and a material, m.p. 
270°, which may have been 2,8-phenoxathiindicarboxylic acid-
10-oxide.®^ This latter compound may have contained some 
unoxidized material since the percentages of carbon and 
hydrogen found by analysis were greater than the theoretical 
57 
values for 2,8-phenoxathHndlcerboxyllc acld-lO-oxide. The 
higher melting acid was also obtained by the haloform oxida­
tion of 2,8-dlacetyl- and 2,8-bl6-(/®-chloroacetyl)phenoxa-
thlln.®^ oilman, Van Ess, Willis and StuckwlBch^^ heated 
an aqueous mixture consisting of 4-methylphenoxathlln-lO-
dloxlde and alkaline potassium permanganate for 48 hours, 
but obtained no acid. 
35 
Suter, McKenzie and Maxvrell carried out the haloform 
oxidation of 2-acetylphenoxathlln according to the following 
procedure, "Five grams of 2-acetylphenoxathlln and 25 grams 
of bleaching powder were mixed with 200 cc, of dilute sodium 
hydroxide and the whole heated on the steam bath for 5 
hours,The authors designated the product, m.>% 259-260°, 
as 2-phenoxathlincarboxyllc acid. The only analytical datum 
reported was a neutralization equivalent of 239 as compared 
with the theoretical value of Zhk-, In vlev/ of the extreme 
ease of conversion of phenoxathlln to the oxide by either 
chlorlnatlon followed by hydrolysis or by hypohalite oxida­
tion, It appears strange that neither the 10-oxlde or 10-
dloxlde was Isolated. When Irle^® repeated the reaction 
losing the procedure as stated above the product was 2-phen-
oxathllncarboxyllc acid lO-dloxlde, m.p. 268-269®. The 
following analytical data were reported for the compound. 
Calcd. for C^^^HgO^S: C, 56.50; H, 2.92, Found: C, 56.32; 
58 
H, The theoretical Dercentagee of carbon and hydrogen 
for the unoxidlzed acid are 63.92 and 3.30, respectively. 
The above experimental procedure of Suter, McKenzie 
and Maxwell^^ was emoloyed by Tomita®^ in the previouely 
mentioned oxidation of 2,8-diacetylphenoxathiin to 2,8-
phenoxathiindicarboxylic acid 10-dioxide. 
Reduction Reactions 
In Ferrario'e only article concerned with phenoxathiin 
there is the statement that phenoxathiin adds two atome of 
hydrogen upon reduction.No details of the reaction were 
provided, however. There hae been no report of an attempt 
to reduce phenoxathiin to a derivative such as 1,4-dihydro-
phenoxathiin in which the tricyclic ring syetem remains 
intact. 
The sulfoxide group in phenoxathiin-lO-oxide and its 
derivatives ie reduced by mild reducing agents. This con-
63 
version was first reported by Hilditch and Smiles who 
employed zinc and acetic acid to reduce 2,8-dimethyl- and 
2,8-dichlorophenoxathiin-lO-oxide to the corresponding 
53 phenoxathiin derivatives. Drew later reported the reduc­
tion of phenoxathiin-10-oxide by zinc and acetic acid and 
by a mixture of hydrochloric and acetic acids. Partial 
59 
chlorination was said to have occurred in thle latter reac­
tion. Krishna®'' and Irie^® carried out the reduction of 
eeveral derivatives of phenoxathlin-lO-oxide with hydrohromic 
acid in acetic acid, but reported no brominatlon products, 
50 
Chlorination accompanied reduction when Irle added concen­
trated hydrochloric acid to a solution of phenoxathiin-10-
oxlde in concentrated sulfuric acid. The chlorophenoxathiin 
was the eaine one obtained by direct chlorination in benzene. 
53 
Drew showed that the reaction of phenoxathiln-10-oxlde with 
concentrated sulfuric acid produced phenoxathlin as one of 
the products. 
Reduction of the sulfoxide group accompanies metalation 
72 73 
when dlbenzothlophene-5-oxlde , thianthrene-5-oxide and 
K Q  
phenoxathiin-lO-oxide are treated with n-butyllithium at 
low temperatures. It has been postulated that metalation 
precedes reduction or that both processes occur almost 
59 72 
sImultaneouely. ' 
Irle reported that phenoxathiin-lO-dioxide was very 
resistant to reducing agents and that unsuccessful attempts 
were made to reduce it to phenoxathiln or to the 10-oxlde. 
Gilman and D. L. Esmay, J. Am. Chem. Soc.. 7^. 266 
(1952). 
Gilman and D. R. Swayampati, ibid.. 77. 338? 
(1955). 
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The 10-dloxlde was not affected when heated with sulfur, 
and ring scission occurred when it was heated with hydrazine 
hydrate, 
There may "be several reasons why the above article^^ 
contains the only mention of the reduction of the lO-dioxide. 
It may be that workere have attempted the reduction and ob­
served either no reaction or cleava-e of the heterocycle. 
Too, the reduction would be of no great preparative value 
unless a useful derivative of the 10-dioxide were much more 
available than the corresponding reduction product. The 
related heterocycle, dibenzothiophene-5-dioxide, was reduced 
to dibenzothiophene in yield by lithium aluminum hydride. 
However, the results of reductions of other heterocyclic 
sulfonea^^ suggested that the reduction of dibenzothiophene-
5-dioxide may not be a model reaction for phenoxathiin-10-
dioxide. Thiacyclohexane-l-dioxide and 2,3-dihydro-1,4-
benzothiapyran-l-dioxide were not reduced when treated with 
lithium aliuninum hydride under the conditions used for re­
duction of dibenzothiophene-5-dioxide, Bordwell and 
7/ji 
McKellin stated that the reduction of six-membered ring 
sulfones appeared to be roughly one hundred times slower 
than that of five-membered ring sulfones. 
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F. &. Bordwell ani W. H. McKellin, ibid.. 73. 2251 
(1951). 
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Subetltutlon Reactions 
Haloaenation reactions 
The first euccessful halogenatlon of phenoxathlin was 
T C  
reported by Suter, McKenzle and Maxwell who prepared a 
mono- and a dlbromophenoxathlln by direct bromlnatlon. The 
reaction was carried out by adding bromine to a stirred 
solution of phenoxathlin In carbon tetrachloride. When one 
molar equivalent of bromine was employed a monobromophenoxa-
thlln, m.p. 59-60 , wae obtained In 83% yield. A dlbromo­
phenoxathlln, m.p, 92-93°» prepared In 75^ yield when 
two molar equivalents of bromine were used. Both bromlnatlon 
products were crystallized from methanol. No experimental 
details such as the use of a bromlnatlon catalyst, time and 
temperature of reaction or any precautions to exclude mois­
ture were provided. The dlbromophenoxathlln was oxidized to 
the 10-dloxlde, m.p. 185-186®, which showed no depression In 
melting point when mixed with a sample of 2,8-dlbroffiophenoxa-
thlln-lO-dioxlde, m.p. 183-186°, prepared by the ring closure* 
of 2-(^-bromophenoxy)-5-bromobenzeneBulfonyl chloride. 
*See the equations and description of the synthesis In 
the latter part of the section on Ring closure reactions. 
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An alternative proof of the structure of the dlhromlna-
tion product vould have involved a mixed melting point deter­
mination with a sample of 2,8-dibromophenoxathiin, m.p. 92°, 
which Stevenson and Smiles^® had prepared by ring closure 
only 5 years earlier. However, the reader is given the im-
35 presfiion that Suter, McKenzie and Maxwell became aware of 
the other preparation only after proving the structure of 
2,8-dibromophenoxathiin by way of the 10-dioxide, The fol­
lowing ie the only reference to the work of the other authors. 
It has Just recently come to our attention that 
this substance has also been prepared by 
Stevenson and Smiles, j. Chem. Soc». 718 (1931). 
who obtained it from 2,5»5'-tribromo-2'-
hydroxydiphenyl sulfide. In their system of 
nomenclature it is designated as 2,8-dibromo-
dibenzothioxine. 
Suter and coworkers^^ used the name 3»6-dibromophenoxthin. 
The compound of Stevenson and Smiles was listed as shown 
below in the Chemical Abstracts Subject Index for the year 
35 1931* It Is surprising that Suter and coworkers did not 
i henothioxin (dibenzothioxine, phenoxthine) 
3,6-dibromo-3338® 
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call attention to the fact that the dlbromlnation product 
melted at the same temperature ae the 2,8-dlbromophenoxa--
thlln of Stevenson and Smiles,^® 
The position of the "bromine In the bromophenoxathlln, 
m.p. 59-60°, was designated as 2-.para to the oxygen, due 
to the fact that the dlbromlnation product vas 2,8-dlbromo-
phenoxathlln. The conversion of 2-bromophenoxathlln to 
2,8-dlbromophenoxathlln by bromlnatlon with one equivalent 
of bromine was not carried out. 
The bromlnatlon of phenoxathlln was repeated by Gllman, 
Van Ess, Willis and Stuckwlsch^^, who obtained an 88^ yield 
of 2-bromophenoxathlln, m.p. 58-59°» The experimental pro-
35 
cedure employed was that of Suter and coworkers and no 
additional details were provided. 
The product isolated from the first reported chlorina-
tion of phenoxathlln vas a monochlorophenoxathiin, m.p, 81-
o 
82 , which was subsequently oxidized to the 10-dloxide, m.p. 
178-179°*^^ Neither experimental details nor analytical 
results were reported. The product was presumed to be 1-
chlorophenoxathiln since it was different from each of the 
three compounds designated as 2-, 3- and 4-chlorophenoxathlln. 
o 
2-Chloro-, m.p, 88-89 , and 4-chlorophenoxathlin, a liquid, 
were prepared from ^-chloro- and 2-chlorodiphenyl ether, 
34 o 
respectively. The material, m.p, 59-60 , which was 
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obtained from the Ferrario reaction on 3-chlorodiphenyl 
ether, was assumed to be 3-chlorophenoxathiln. 
The melting point of the 2-isomer has since been con­
firmed by Irie^^, who prepared 2-chlorophenoxathiin from 
3-amino^henoxathiln.This worker also prepared l-chloro-
phenoxathiin, m.p. 78-80®, by decarboxylation of 1-chloro-
3-phenoxathilncarboxylic acid. Thus far it would appear 
that the chlorophenoxathiin, m.p. 81-82®, of Suter and Green 
50 
was the 1-derivative. However, Irie chlorinated phenoxa-
thiin in cold, dry benzene and obtained a chlorophenoxathiin, 
m.p. 78-79°, and a dichlorophenoxathiin, m.p. 166-167®» 
which were subsequently oxidized to the 10-dioxides, m.p. 
172-174° and 208-210°, respectively. The chlorcphenoxathiin 
obtained by chlorination was shown to be different from 1-
and 2-chlorophenoxathiin by mixed melting point determina­
tions. Since the chlorination product ie not the 1-, 2-, 
or 4-chloro-phenoxathlin, (the last named is a liquid) it 
is logically concluded by this writer to be 3-chlorophenoxe.-
"ili, 
thiin. Though Suter and Green-^ had assumed that the com­
pound which melted at 59-60® was 3-chlorophenoxathlin, the 
available evidence favors the compound melting at 78-79° 
(Irie^^) or 81-82° (Suter and Green^^). Irle^O prepared 
2,8-dichlorophenoxathiin, m.p. 137°. according to the method 
of Hilditch and Smilee In order to prove that the 
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dlohlorophenoxathiln, m.p. 166-167°, was not the 2,8-iBomer. 
Irle did not report a mixed melting point determination in­
volving 2,8-dichlorophenoxathiin-lO-oxide, m.p, 168®®^, and 
the dichlorophenoxathiin. However, the analytical data 
found for the dichlorination product agrees well with the 
theoretical values for the unoxidized dichloro compound. 
There hag been no report of an attempted iodination of 
phenoxathiin. However, three iodophenoxathiins have been 
syntheeized by Nobis and Burske.^^ 4-Iodophenoxathiin, m.p. 
4^2.5-^3°# prepared by adding iodine to ^-phenoxathiinyl-
lithium, whereas 2-iodophenoxathiin, m.p. 92-9^°, and 3-
iodophenoxathiin, m.p. 70-72°, were obtained in yields of 
10^ and 15^, respectively, from the reaction of potassium 
iodide with the corresponding diazotized aminophenoxathiin. 
The workers reported that the diazotization reactions were 
attended by considerable difficulty. 
No direct halogenation of either phenoxathiin-lO-oxide 
or 10-dioxide has been reported. The reaction of phenoxa-
thiin-lO-oxide in sulfuric acid with hydrochloric acid^® 
probably involved chlorination of the reduction product, 
phenoxathiin. Halogenation of the 10-oxide or 10-dioxide 
75j. F. Nobie and N. V.'. Burske, J. An. Chem. Soc». 76. 
3034 (195^). 
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would be expected to proceed quite slowly due to the deacti­
vating influencee of the sulfoxide and eulfone groups. 
Friedel-Crafts reactions 
Of the substitution reactions of phenoxathiin, the 
Friedel-Crafts acetylatlon has been utilized the most ex­
tensively. The reaction was first described by Suter, 
35 
McKenzie and Maxwell , who prepared 2-acetylphenoxathiin, 
m,p. 111-112°» in 58% yield by the reaction of equimolar 
amounts of phenoxathiin, acetyl chloride and aluminum chlo-
22 
ride. When Flowers and Flowers repeated the reaction 
there was obtained a yi.% yield of product having the same 
melting point as that reported by Suter and coworkers. 
52 
Nobis, Blardinelli and Blaney made numerous unsucceseful 
* attempts to duplicate the above yields. These workers re­
ported a 26^ yield of 2-acetylphenoxathiin melting at 117.5-
118°. This difference in melting points suggests that the 
lower melting material wae less pure. The oxime which Suter 
35 
and coworkers prepared from the acetyl compound, m.p. 111-
112®, melted at 1^2-1^^°, whereas the 2-acetylphenoxathiln 
oxime of Nobis and coworkers melted at 158-159.5''« This 
great difference in melting points is significant. If the 
lower melting compound was pure, then it wae probably the 
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oxime of the other configuration (els- or tr&ne-) or an 
oxime of a different ketone. 
2-Phenoxathllncarboxylic acid was the key compound in 
the proof of the structure of 2-acetylphenoxathlin, m.p. 111-
112°. Ae mentioned in the section on oxidation reactions, 
Suter, McKenzle and Maxvjell carried out the haloform oxida­
tion of the acetyl compound and obtained an acid which 
o 
melted at 2.59-260 • These workers then prepared the same 
acid from 2-bromophenoxathiln, m.p. 59-60°, by way of carbona-
35 tion of the Grignard reegent. The only succeesful rsre^ara-
tlon of the Orignard reagent was accomplished by adding an 
ether solution of 0.078 mole of the bromo compound to a mix­
ture of ether, 0.10 gram atom of magnesium and approximately 
0.04 mole of ethyl iodide. One of the products of the re­
action consisted of "about 8% of the theoretical amount of 
material soluble in alkali". There wse no indication ae 
to whether this material was pure Z-Dhenoxathiincarboxylic 
acid or whether a purification by crystallization was neces-
o 
eary in order to obtain the acid which melted at 260-262 . 
This acid was shown by a mixed melting Tjolnt determination 
to be identical with the acid obtained by the haloform oxida­
tion of the acetylphenoxathiin. No quantitative elemental 
analysis was reported for the acid. 
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The proof of the structure of the 2-acetylphenoxathlln 
52 
of Nobis and. coworkers was based upon the conversion of 
2-acetylphenoxathlln oxlme to 2-amlnophenoxathlln, hi.p. 93-
95°» fcy the Beckmann rearrangement. Irle^° prepared 2-
o 
amlnophenoxathlln, m.p. 98 , by reduction of 2-nltrophenoxa-
thlln. 
The preparstlon of 2,8-dlacetylphenoxathlln by the 
65 
Frledel-Crafte reaction was first carried out by Tomlta , 
who reported the melting point of the product as 175°* 
52 
Nobis, Blardlnelll and Blaney repeated the reaction and 
observed the melting point of 184-186°. The question arises 
as to whether both products are 2,8-dlacetylphenoxathlln. 
Oxidation of the dlacetyl compound, m.p, 175°> was carried 
out under the conditions which Suter, Mckenzie and Maxwell^^ 
had employed for the oxidation of 2-aoetylphenoxathlln. The 
product was 2,8-r)henoxathllndlcarboxyllc acid 10-dloxlde, 
m.t). over 300°.®'^ The same acid was obtained by the alkaline 
permanganate oxidation of 2,8-dlmethylphenoxathlln, a com­
pound with a well-proven structure. The acids were not com­
pared, but were converted to the dimethyl esters, m.p. 
204-208°, which were shown to be Identical by a mixed melting 
point determination.®^ The dlacetylphenoxathlln, m.p. 184-
186°» was converted to the dloxlme and then by way of the 
Beckmann rearrangement, to the dlamlnophenoxathlln, m.p. 
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o ^ 52 171-173 • Nobis and covorkere cited as evidence for the 
structure of 2,8-diaminophenoxathiin the fact that Todd ob-
o 
served a melting point of 166-168 for 2,8-dlaminophenoxa-
thiin which rms prepared by the Hofmann reaction from 
2,8-dicarboxamidophenoxathiin. This wrk of Todd has 
not been published. It has not been proven conclusively 
that phenoxathiin derivatives are not oxidized to the 
sulfoxides under the conditions of this reaction. The pos­
sibility of oxidation as a side reaction in the Hofmann 
reaction has been discussed. Acetylation of the diamino-
phenoxathiin, m.p. 171-173^1 with acetic anhydride produced 
the diacetamidophenoxathiin which was subsequently oxidized 
to the 10-dioxide, 3^9~353®* The other route to the 
diacetamidophenoxathiin-lO-dioxide was by way of acetylation 
of 2,8-diaminophenoxathiin-l -dioxide, m.p. 2^4-2^7. 
(Irie^^ reported 239-2^0®.) The diacetamido-lO-dioxide 
melted at 338-3^1°• A mixture of this material and the 
compound, m.p. 3^9-353°» melted at 3^5-350°• The absence 
of depression in melting point was assumed to be evidence 
that each product was 2,8-diacetamidophenoxathiin-lO-dioxide. 
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D, Todd, Private communication to J. F. Nobis, 
Research Division, National Distillers Chemical Co., Cincin­
nati, Ohio. C Cited in J. F. Nobie, A. J. Blardinelli and 
D. J. Blaney, J. Am. Chem. Soc. . 75. 338^ (1953)0 
<0 
*Irie reported 2,8-diaminophenoxathiin to melt at 
118°. 
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Tomita®^ carried out the reaction of phenoxathlln with 
chloroaoetyl chloride In the presence of aluminum chloride 
and obtained a 98^ yield of 2,8-bl8-{/^-ohloroacetyl)phenoxa-
thlln. The product was oxidized to 2,8-phenoxathllndlcarb-
oxyllc acid 10-dloxlde vhlch was subeequently converted to 
the dimethyl ester. Thle eater was Identical with that ob­
tained from 2,8-dlacetylphenoxathlln by the same two 
reactions. Both the 2,8-dlacetyl- and the 2,8-blB-(/®-
chloroacetyl)phenoxathlln yielded 2,8-dlethylphenoxathlin 
upon reduction.®^ 
The reaction of molar equivalent amounts of phenoxathlln, 
benzoyl chloride and aluminum chloride produced a mixture 
from which were obtained a 33^ yield of benzoylphenoxathlln, 
m.p. 96-97°i and an 11^ yield of dlbenzoylphenoxathlln, m.p. 
1970^35 Suter, McKenzle, and Maxwell^^ assumed that the 
benzoylatlon reaction was strictly analogous to the acetyla-
tlon reaction which had yielded 2-acetylphenoxathlln, On 
this basis the two products, m.p. 96-97° and 197*^* were 
designated as 2-benzoyl- and 2,8-dlbenzoylphenoxathlln, 
respectively. 
Two monoacylatlon products, V-oxo-2- and V-0x0-3-
phenoxathllnbutyrlc acid were obtained from the reaction 
of phenoxathlln with succinic anhydride and aluminum 
71 
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chloride. The two adds were separated "by crystallization 
frora acetic acid, the less soluble 2-acid crystallizing first. 
No proof of the structures of the two isomers was described. 
It has been shown that upon bromination and upon 
acetylation in the presence of aluminum chloride substitu­
tion occurred in the 2-po8ition, whereas a product which is 
probably 3-ohlorophenoxathiln was obtained upon chlorination 
of phenoxathiin. The isolation of both the 2- and the 3-
acids from the acylation with succinic anhydride precipitates 
the question as to whether bromination, chlorination and 
acetylation actually yield only a 2- or a 3- derivative and 
not both. In the case of bromination it was unlikely that 
a second bromophenoxathiin could have formed in any appre­
ciable amount considering the reported yields of 83^^^ and 
54 
88^ for 2-bromophenoxathiin. An isomer of 2-bromophenoxa­
thiin would probably have very similar solubility properties 
and thus make it quite difficult to obtain one pure mono-
bromophenoxathiin in such high yields. Since neither Suter 
3^ ITq 
and Green nor Irie^ reported the yield of the chlorination 
product, little ie known about the riossibility of there 
having been two monochlorophenoxathiine formed. It is sig­
nificant that Irie obtained both a mono- and a dichloro-
R. Burtner and J. M. Brown, U. S. Patent 2,480,220 
<1949) C£t Aj., 44, 1143 (1950)]. 
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phenoxathiln from the same reaction, vhereae Suter, McKenzie 
35 
and Maxwell"^ reported only a monobromo- and a monoacetyl-
phenoxathiln from the reactions in which one equivalent of 
the eubetitution reagent wae employed, Also, the report 
that both the 2- s,nd the 3-iBomerB were isolated from one 
Friedel-Crafte reaction^'' should cause the worker to view 
with caution the designation of the dibenzoylphenoxathiin 
as the 2,8-derivative^^ until the structure of this compound 
has been proved. 
Nitration 
The primary amino group probably imparts greater syn­
thetic potential to an aromatic molecule than any other 
functional group. This group can be acylated and used for 
activation of the molecule towards subsequent substitution 
reactions, and then can be readily removed. It can be con­
verted to the diazonium salt which can be replaced easily 
and unarabiguotwly by other functional groups. Generally the 
most convenient method of introduction of the amino group 
into a molecule is by way of reduction of the nitro group. 
Therefore, the nitration reaction is a common but very 
valuable tool in the synthesis of derivatives of aromatic 
compounds. This reaction is particularly convenient in the 
73 
dlbenzofuran eerlee since the nitro group enters the 3-
position, whereae other eubptitutlon reactions (except 
metalation) take place at the 2-position,* Dibenzothiophene 
is nitrated in the 2-po8ition while dibenzothiophene-5-oxlde 
and 5-dioxide are nitrated in the 3-POBition, making avail­
able convenient routes to various derivatives in both 
positions. 
No nitrophenoxathiin he.s been prepared by direct nitra­
tion of the parent heterocycle. Oxidation was always the 
principal reaction which occurred when phenoxathiin and its 
unoxidized derivatives were treated with nitrating agents. 
The use of nitric acid for the preparation of phenoxathiin-
10-oxide and 10-dioxide and for the oxidation of derivatives 
of phenoxathiin to the 10-oxide and 10-dioxide was discussed 
earlier in this thesis. 
All nitrations of phenoxathiin, phenoxathiin-lO-oxide 
and phenoxathiin-lO-dioxide yield nitro derivatives of phen-
oxathiin-lO-dioxide. These reactions were first described 
by Irie^®, who obtained both 2-nitrophenoxathiin-lO-dioxide, 
m.p, 196.5°» and 2,8-dinitrophenoxathiin-lO-dioxide, m.p. 
276-278®, by treatment of phenoxathiin with fuming nitric 
*For a review of the nitration reactions of dibenzo-
furan, dibenzothiophene, diphenylene dioxide, phenoxathiin 
and thianthrene see D, L. Esmay, Unpublished Ph.D. Thesis, 
Iowa State College Library, 1951* P* 29. 
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acid (sp. gr. 1.45) at Bteam bath temperature. Nitration 
of phenoxathiin-lO-dioxide under similar conditions yielded 
the eaine tvo products. In order to prove the structures of 
<0 
the nitration products Irie*^ prepared the two compounds "by 
oxidizing 2-nitro- and 2,8-dinitrophenoxathiin to the 10-
dioxides. The synthesis of each of the unoxidizeci compounds 
was described in the section dealing with ring cloEure re­
actions. 
Nobis, Blardinelli and Blaney^^ obtained a 30^ yield 
o 
of 2-nitrophenoxathiin-lO-dioxide, m.p. 187-188 , from the 
reaction of phenoxathiin-lO-oxide in glacial acetic acid 
with a mixture of fuming nitric acid and concentrated sul­
furic acid. Nitration did not take place in the absence of 
concentrated sulfuric acid. 2-Nitrophenoxathiin-lO-dioxide, 
m.p. 192-194®, was prepared in a yield of 43^ when fuming 
nitric acid was heated with phenoxathiin-lO-dioxide in 
<2 <52 
glacial acetic acid.-'^ Nobis and coworkers-^ gave no ex­
planation for the difference in melting points, 187-188° 
and 192-194°, for 2-nitrophenoxathiin-lO-dioxide prepared 
from phenoxathiin-10-oxlde and phenoxathiin-lO-dioxide, 
respectively. A mixed melting point determination was not 
reported. It is Interesting that the lower-melting material 
melted over the narrower range. 
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The use of glacial acetic acid as a solvent appeared 
to Inhibit nitration of phenoxathlln. Nobis, Blardinelli 
52 
and Blaney isolated only nhenoxathiln-lO-oxlde from the 
reaction of phenoxathlln in glacial acetic acid with fuming 
nitric acid. However, when the nitration mixture coneieting 
of fuming nitric acid and concentrated sulfuric acid was 
added to phenoxathlln in glacial acetic acid, 2,8-dinitro-
phenoxathiln-lO-dloxide, m.p, 283-286°, was produced in 30^ 
yield. A  41^ yield of 2,8-dinitrophenoxathlln-lO-dioxlde, 
o 
m.p, 277-280 , was obtained when fuming nitric acid was 
added to a mixture of phenoxathiln-lO-dloxide and concen­
trated sulfuric acid. 
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The reactions employed by Nobis, Blardinelli and Blaney 
in proving the structures of 2-nitro- and 2,8-dinltrophenoxa-
thlln-10-dioxide are Illustrated in the equations on the 
following page. Most of the reactions were discussed in 
connection with the proof of the structure of 2,8-diacetyl-
phenoxathiln. Though Nobis and coworkere^^ had assumed that 
this compound, m.p. 184-186°, was the 2,8-derivative, the 
proof of its structure seemed as necessary as those of the 
a C 
nitration products since Tomita had reported the melting 
point as 175°' 
Due to the fact that the melting point of Nobis and co­
workers ' dlnitration product agreed with that reported by 
76a 
m 
^NAc 
l,PCU 
Zt»+hci 
CHtCCl 
HNO3 •*• 
H2SO4 
2 CHjCCl 
AICI3 
0 
Zn + HCl 
Ac^O 
H,l 
»!!»2L/ XM_ 
Oi* 
S Y^HXc 
^CCHj 
1.PCls 
2. 
nom H 
CCWj 
77 
50 
Irle , who had obtained the compound both by dinitratlon 
and by ring closure followed by oxidation, 2,8-dlnltrophen-
oxathiin-lO-dioxide was used as the key 2,8-aerivative in 
the structure proof of 2,8-diacetylphenoxathiin described 
earlier, 
7< 
Nobis and Burske carried out a low temperature nitra­
tion of 2~acetajiiidophenoxathiin in expectation of obtaining 
2-acetamido-3~nitrophenoxathiin, The only product isolated 
from the mixture was a small amount of material which melted 
at 17^-176.5°• Analytical results for the compound indicated 
that it may have been 2-acetamido-3»8-dlnitrophenoxathiin. 
Various conditions were employed in unsuccessful attempts 
to nitrate 2-acetamidophenoxathiin-lO-dioxide.''^ There re­
sulted only mixtures of products from which no pure compound 
was isolated. 
Sulfonation reactions 
The action of sulfuric acid on phenoxathiin and phenoxa-
thiin-lO-oxide was a subject of considerable investigation 
by Drew^3 and by Hilditch and Smiles.®^ The violet color of 
the cold, concentrated sulfuric acid solutions was the 
a o 
center of the interest. Hilditch and Smiles attributed 
78 
the color to the presence of a thlonlum salt such as that 
shown by formula XIII. Drew^-^ provided experimental data 
§04H 
XIII 
$0^ H 
XIY 
which he believed to support his theory that thionyliua 
compounds of the type represented by XIV were responsible 
for the color. This worker dissolved phenoxathiln in cold, 
concentrated sulfuric acid, removed the sulfur dioxide that 
was evolved, and then hydrolyzed the mixture. The two 
products, phenoxathiln and phenoxathiin-lO-oxide, were iso­
lated quantitatively in molar equivalent amounts. When 
phenoxathiin-lO-oxide was dissolved in sulfuric acid the 
violet solution did not evolve sulfur dioxide, but yielded 
the same two products and a yellow, amorphous solid upon 
79 
hydrolysis. Drew believed that Bulfur dioxide would have 
been evolved had phenoxathiin been present as such in the 
sulfuric acid Bolutlon, The yellow, amorphous product, m.p, 
215~220®, which was not a sulfonic acid, gave an intensely 
blue color in sulfuric acid. According to Drew, the yellow 
solid was "probably a nuclear-oxidation product of a 
thionylium compound, e.g., (XV) 
SO4H 
H2O 
H2S04 
XY 
•3< 
Suter, McKenzle and Maxwell*^carried out the flret 
reaction which yielded a phenoxathlinsulfonlc acid. The 
product from the reaction of molar equivalents of phenoxa­
thiin and chloroeulfonlc acid was not isolated, but was 
converted to the sodium salt. When the sodium salt was re-
fluxed with excess phosphorus oxychlorlde the corresponding 
80 
phenoxathlinsulfonyl ohlorlde, m.p, 127-128®, was formed. 
The product was designated as 2-phenoxathllnpulfonyl chloride, 
"but the structure was not proved. 
A dlsulfonic acid, also isolated as the salt, was pre­
pared from phenoxathlln and 4 molar equivalents of chloro-
sulfonic acid. The disulfonyl chloride, m.p, 142-1^3®, was 
prepared "by treatment of the disodium salt with phosphorus 
oxychloride and by the reaction of phenoxathlln with 6 molar 
equivalents of chlorosulfonlc acid. Suter, McKenzie and 
Maxwell^^ designated the product as 2,8-phenoxathlindisulfonyl 
chloride and attempted to prove the structure by conversion 
to 2,8-dichlorophenoxathiin, m.p. 135®^» 137®*^^ Thus, from 
the reaction of the disulfonyl chloride and phosphorus 
pentachlorlde there was obtained a small amount of product 
which melted at 13^-135°* However, neither a mixed melting 
point nor analytical datum was reported for the compound. 
6Cl^ _P^ L I 
4 aso 
'0 
POC13 
81 
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Tomlta and Yamada carried out the eulfonation of 
phenoxathlln by heating the heterooycle with concentrated 
sulfuric acid. After the reaction mixture was poured into 
water, this mixture was added to a saturated sodium chloride 
solution and the disodium salt was isolated. The 2,8-
phenoxathiindlBulfonyl chloride, obtained by heating the 
o 
disodium salt with phosphorus trichloride, melted at 149 , 
6° higher than the melting point reported by Euter, McKenzle 
and Maxwell,^^ 
As a derivative of 2-pheno2;athlineulfonyl chloride, 
35 
Suter and coworkers prepared 2-phenoxathlinsulfonamlde, 
o o 
ffl.p. 177-178 . 2,8-PhenoxathilndiBulfonaJiilde, m,p, 192 , 
was prepared by Irle'^^, who reported the same melting point 
for 2,8-phenoxathllndisulfonyl chloride as did the original 
78 
workers. The dieulfonyl chloride of Tomlta and Tamada was 
reduced to the dithlol, an unstable compound from which was 
prepared 2,8-dimercaptophenoxathlin dimethyl ether, m.p, 
o 
68-69 , and 2,8-dimercaT3tophenoxathiin dlacetate, m.p. 108-
109°. 
Tomlta and H, Yamada, ^  Pharm. Soc. Japan. 71. 
451 (1^51) 992 (1952)]. 
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Ketalatlon reactions 
Metalation* of phenoxathlln was first reported by 
Gllaan, Van Ess, Willie and Stuckwisoh.^ The reaction was 
carried out by refluxlng for 24 hours an ether solution con­
taining equimolar amounts of phenoxathlln and n-butylllthium. 
Subsequent to carbonatlon of the metalatlon product there 
was obtained a 61^ yield of acid which melted between 157 
and 160°, The pure 4-phenoxathllncarboxyllc acid, m.p, 168-
169®, was obtained after three recrystallizations from 
glacial acetic acid. 
Oxidation of 4-phenoxathilncarboxyllc acid with hydro­
gen peroxide in glacial acetic acid yleld«d a product, m.p. 
183-184®, designated as 4-phenoxathllncarboxylic acid 10-
dioxide. The following analytical datum was reported for 
the compound. Anal. Calcd, for G^^HgO^S: neut, equlv,, 
256, Found: neut. equlv., 261, The theoretical neutraliza­
tion equivalent is 276, making the experimental value 15 units 
low. The value of 261 agrees well with the theoretical value 
of 260 for 4-phenoxathilncarboxyllc acid 10-oxide, Eeterlfl-
cation of the acid which melted at 183-184® yielded methyl 
*A comprehensive description of the metalatlon reaction 
with organollthium compounds appears in the chapter by H, 
Oilman and J, W. Morton, Jr., in R. Adams, "Organic Reactions", 
John Wiley and Sons, Inc., New York, N. Y., 1955, Vol. 8, 
p. 258, 
83 
^-phenoxathllncarboxylate 10-dloxlde, m.p, 124°,^ Shirley 
and Lehto^^ reported the melting point of 123-12^® for the 
methyl eeter prepared from 4-phenoxathllncarboxyllo acid 
10-dloxlde, m.p. 189-190°. 
Metalation was proved to have occurred ortho to oxygen 
in phenoxathiln when the acid was converted to the known 4-
chlorophenoxathlln-lO-dloxlde by the sequence of reactions 
KIl 
Illustrated below. The product was shown by a mixed 
11-C4H,LI 
1, SOaCl 
a.NH4M 
COaH 
CO ^CCO 
" CONHj ^ MKj ^ CI ® a 
melting point determination to be identical with an authentic 
specimen of 4-chlorophenoxathiln-lO-dloxlde^^ prepared by 
oxidation of the product from the Ferrario reaction of 2-
chlorodiphenyl ether. 
Several ^ -substituted phenoxathiln derivatives have 
been prepared by way of 4-phenoxathllnylllthium, ^-Amino-
phenoxathiln vas obtained in 59^ yield from the reaction 
84 
of O-methylhydroxylamine with thie llthlua compound. The 
reaction of 4-r>henoxathlinylllthlum with oxygen in the pres­
ence of n-butyliBagneBlum bromide afforded a 47J? crude and 
a 16^ pure yield of 4-hydroxyphenox6thiin.^^ This is the 
only hydroxyphenoxathlin which hae been described in detail 
in the literature. In the abstract of a patent®® there ie 
a brief mention of the preparation of hydroxyphenoxathilne 
by heating the halogen derivatives under pressure with aque­
ous caustic alkalies or alkaline earths. When iodine was 
added to the metalated phenoxathiin there wae obtained a 
21% yield of 4-iodophenoxathiin,Produced in the same 
process was a considerable amount of material thought to 
have been 4,6-diiodophenoxathiin which resulted from the 
reaction of iodine with dimetalated phenoxathiin. The com­
pound was not isolated, however. 
The reaction of phenoxathiin with phenylcalcium iodide, 
followed by csrbonation, yielded a very small amount of a 
a 54 
yellow acid which melted at 260-262 , Neither a neutrali­
zation equivalent nor a quantitative elemental analysis was 
reported for the compound, A mixed melting point with a 
79 Oilman and D. L, Esmay, Am. Chem. Soc.. 76. 
5787 (1954). 
Pfitzer and F. Muth, German Patent 606,350 (1934) 
21> 1^34 (1935)]; British Patent 427,816 [ Aj., 
6608T1935)]. 
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sample of 2-phenoxathllncarboxylic acld^^, m.p. 260-262°, 
wae depressed, showing that metalation had not occurred in 
the 2-poBition. Since the product was not the known 2-, 3-» 
or ^-acid, the orientation in metalation was considered aa 
anomalous and was suggestive of enother interesting metala­
tion by phenylcalcium iodide. Metalation in the position 
meta to the sulfur had been observed in the reaction of 
phenylcalcium iodide with dibenzothiophene.®^ Carbonation 
of the metalation product had yielded 3-diben20thiophenecarb-
oxylic acid in contrast to the 4-acid which was the product 
when metalation had been effected by organolithium compounds. 
R2 
Avakian carried out the metalation of 0.08 mole of 
phenoxathiin with 0.11 mole of jn-butyllithium and obtained 
o 
two acids, one of which, m.p. 258-260 , did not depress the 
melting point of the acid from the phenylcalcium iodide 
metalation. It is stated in the doctoral dissertation of 
Q'S _ 
F. J. Webb that the acid, m.p. 25B-260 , was a dibasic acid. 
82 
However, the experimental procedure provided by Avakian 
contained no data which indicated that the compound was a 
Oilman, A. L. Jacoby and H. A. Pacevltz, ^  Org. 
Chem.. 1, 120 (1938). 
82 S. Avakian, Private communication to Prof. H. G-ilman, 
Iowa State College, Aug. 10, 1953* 
J. Webb, Unpublished Ph.D. Thesis, Iowa State 
College Library, 19^1, p. 36. 
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dibasic acid. The other acid obtained from the reaction wae 
82 
"a dibasic acld which did not melt at 205®"• Analytical 
data In the form of a quantitative sulfur analysis of this 
o 62 
acid and Ite dimethyl ester, m.p. 1^9-150 , were reported. 
The reaction of phenoxathlln-10-dloxlde vlth one molar 
equivalent of ji-butylllthlum produced, subsequent to carbona-
tlon, a ^6% yield of 1-phenoxathllncarboxyllc acid 10-dloxlde, 
m.p, 228-229°.^^ Metalatlon of phenoxathlln-lO-oxlde^^ oc­
curred under low temperature conditions similar to those 
72 
employed by Gllman and Esmay' for metalatlon of dlbenzo-
thlophene-5-oxlde. Three molar equivalents of a-butylllthlum 
were stirred with suspension of the 10-oxlde for 5 hours at 
-20® and then the mixture was allowed to warm to room tempex^ 
ature. Following carbonatlon there v s b  Isolated a 22^ yield 
59 
of 1-phenoxathllncarboxyllc acid, m.p. 221-222°. The 
analytical data Indicated that the acid wae a phenoxathlln-
carboxyllc acid rather than an acid 10-oxlde. It was con­
firmed that reduction had occurred when the acid was 
unaffected upon treatment with zinc duet In glacial acetic 
acid. That metalatlon occurred In the same position In 
phenoxathlln-10-oxlde and 10-dloxlde was proved when oxida­
tion of 1-phenoxathllncarboxyllc acid with hydrogen peroxide 
In glacial acetic acid yielded the same acid as that obtained 
by metalatlon of phenoxathlln-lO-dloxlde. The cleavage of 
87 
1-phenoxathllncarboxyllc acid 10-dloxlde by Raney nickel 
yielded 3-oai*boxydiphenyl ether, a product which would arise 
upon desulfurization of either 1- or 3-phenoxathiincarboxylie 
acid lO-dioxide. That the carboxyl group was not in the 3-
poeition of phenoxathiin was shown by a mixed melting point 
determination involving 3-phenoxathiincarboxylic acid, m.p. 
I o 223-224 , and the acid obtained by metalation of phenoxathiin-
10-oxide. 
0 
Reduction had accompanied metalation in the reaction 
72 
of diben2othiophene-5-oxlde with ji-butyllithium. Since 
72 
dibenzothiophene was not metalated at -10° under the low 
temperature conditions employed for metalation of the 5-oxide 
88 
oilman and Esmay^^ postulated that, In the case of the 5-
oxlde, metalation either preceded or occurred simultaneously 
with reduction. The same sequence of reactions was believed 
to have occurred when phenoxathlln-10-oxlde was treated with 
n-butylllthluffi.^^ Had reduction occurred first, any metala­
tion would have taken place In the 4-poeltlon, since phenoxa-
thlln had been metalated In this position In earlier 
54 
experiments. 
One reaction between a substituted phenoxathlln and n-
butylllthlum has been reported. Gllman, Van Ees, Willie and 
54 
StuckwlBch carried out a halogen-metal Interconversion* 
reaction by allowing a 1:1 ether-benzene solution containing 
2-bromophenoxathlln and excess jj-butylllthlum to reflux for 
15 minutes. Subsequent to carbonatlon there wae obtained a 
yield of "pure" 2-phenoxathllncarboxyllc acid melting 
between 260 and 265®* The product wae converted to the ethyl 
ester which gave no depression In a mixed melting point deter­
mination with an authentic specimen of ethyl 2-phenoxathlln-
carboxylate. This melting point wae not Indicated. No other 
report of the preparation of this ethyl ester has been 
published. 
*^For a recent review of the halogen-metal Interconver-
slon reaction with organollthlum compounds, see the chapter 
by R. Jones and H. G-llman, In R. Adams, "Organic Reactions", 
John Wiley and Sons, Inc., New York, N. Y., 1951» Vol. 6, 
p. 339. 
89 
Cle&Tage reactlone 
Three cleavage reactlone of phenoxathlin and its de-
rivativeg have been deecribed in the literature. The flret 
of these wae the cleavage which occurred during the previ­
ously mentioned attempted reduction of phenoxathiln-10-
dioxide by hydrazine hydrate.^® The products of the reaction 
were not reported. The cleavage reaction employed in the 
proof of the position of metalation of phenoxathiin-lO-
<Q 
dioxide , i.e., the reaction of 1-phenoxathiincarboxylic 
acid 10-dioxide with Raney nickel to produce 3-carboxydi-
phenyl ether, involved deeulfurlzatlon and hydrogenolysie. 
84 
The hydrogen adsorbed on Raney nickel during the preparation 
of the catalyst hae been shown to effect hydrogenolysls of 
a number of sulfur-containing compounds, the sulfur being 
removed as nickel sulfide,* The hydrogenolysie procedure 
employed in the deeulfurlzatlon of l-phenoxathiincarboxylic 
acid 10-dioxide ves modeled after the work of Mozingo and 
coworkers®^, who isolated benzene in yields of 65 to 75% 
84 
R. Mozingo, Org. Syntheeee. 21. 15 (1941). 
®^R, Mozingo, D. E. Wolf, S. A. Harris and K. Folkers, 
Jy, Am. Chem. Soc.. 1013 (19^3). 
# 
A review of Raney nickel desulfurlzations was provided 
by J, F. W. McOmie, Ann. Reports on Progress Chem, (Chem, 
Soc. London). 45. 198 (1948). 
90 
from the Raney nickel cleavage of dlphenyl sulfide, diphenyl 
sulfoxide and diphenyl eulfone, A method employing dilute 
sodium carbonate as the reaction solvent gave excellent 
yields of cleavage products from sulfur heterocycles con-
86-89 
taining carboxyl groups. Dibenzothiophene vas converted 
RA 
successfully to biphenyl by Raney nickel , but dibenzothio-
phene-5-oxide and 5-dioxide yielded products which were not 
identified.®^ The isolation of biphenyl in 31% yield from 
the cleavage of 2-bromodibenzothiophene revealed that de-
bromination had accompanied desulfurization.®^ 
The reaction of phenoxathiin with sodiiim in liquid 
ammonia probably involved cleavage of a carbon-sulfur bond 
since the product was conBid.ered to be 2-thioldiphenyl 
90 
ether. Assignment of the structure was based ui:>on analyt­
ical data and upon the observation that the compound reacted 
with salts of heavy metals to form mercaptides. No cleavage 
®®S. A. Harris, R, Mozingo, D. E, Wolf, A, N. Wilson 
and K. Folkers, ibid.. 67. 2102 (19^5). 
p. Blicke and D. G. Sheets, ibid.. 21, 3768 (19^8). 
®®F. F. Blicke and D. G. Sheets, ibid.. ^010 (19^9). 
Gilman and D. L. Esmay, ibid.. 21, 29^? (1953). 
Tomita, Y. Inubushi and H. Niwa, Pharm. Soc. 
Japan. Ig, 206 (1952) [ Aj., 6428 (1953)]. 
91 
of a carbon-oxygen bond In 2-thloldlphenyl ether occurred 
when excess sodium was employed. 
The above cleavage reaction of phenoxathlln Illustrates 
another difference In the chemical properties of phenoxathlln 
and dibenEothiophene. Reduction of a ben?.enold ring occurred 
when the latter heterocycle was treated with sodium in liquid 
91 
ammonia. 
Both dibenzofuran and dibenzothiophene were cleaved by 
89 lithium in refluxlng dioxane. Irrespective of whether the 
cleavage of dibenzofuran wae followed by hydrolyeie or by 
carbonatlon, the product was 2-bydroxyblphenyl. However, 
the analogous product, 2-thlolbiphenyl, was obtained only 
when the dibenzothiophene cleavage was followed by carbona-
tlon; only biphenyl having been isolated when ]::^droly8ie wae 
subsequent to cleavage. When each of the heterocyclee was 
treated with lithium in refluxlng diethyl ether, reaction 
occurred only with dibenzofuran. Carbonation of this cleav­
age product produced 3»^-t)enzocoum£i*in in ^-7% yield. The 
89 
results of the experiments in diethyl ether would indicate 
that in this solvent lithium cleaves the carbon-oxygen bond 
more readily than the carbon-sulfur bond, Phenoxathlln, 
which has both the ether and sulfide linkages In the same 
Gilman and A. L. Jacoby, Org, Ghem.. J,, 108 
(1938). 
92 
molecule, was cleaved by lithium in diethyl ether, but the 
92 product was not identified. 
Derivatives of Phenoxathiin 
In Tables 4-8 are included those derivatives of phenoxa­
thiin which have been described in the literature and those 
prepared during the course of this investigation. The 
coverage of the literature on phenoxathiin was thorough 
through 195^. The period between 195^ and June, 1955 was 
covered as completely as possible by a survey of the 
Heterocycle section of Current Chemical Papers. This 
publication contains a classified world list of the papers 
In pure chemistry. Each entry in the list consists of the 
title of the article, the name(s) of the author(s) and the 
Journal reference. 
^^T. L. Reid, Unpublished Studies. 
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Table 4. Derlvatlvee of phenoxathlln 
Name of compound M. p . , °  Reference 
MonoBubetltuted phenoxathlins 
2-Acetamidophenoxathlln* 129-30 ( 5 2 )  
3-Acetatnldophenoxathlln* 181-2.5 (75) 
2 -  ( A c e  t  a  m l  d o p h e  n y  1  e  u l  f  o n a m i  d o )  -
phenoxathlln 195-6 (93) 
4-(_2-Acetamldophenyleulfonamldo)-
phenoxathlln 192 (9^) 
2-Acetylphenoxathlln 111-2 (22,25»35) 
116.5-8.5 (38) 
117.5-8 (52) 
2-Acetylphenoxathlln oxime 142-^ (35) 
156-8 (38) 
158-9.5 (52) 
2-Acetylphenoxathlln phenylhydrazone 93*5-^.5 (35) 
2-Amlnophenoxathiln* 93-5 (38,52) 
98 (50) 
Tomlta and S. Fukunaga, J, Pharm. Soc. Japan. 65. 
No. 7/8A, 11 (W5) A^, 5W (1951)T 
oil 
H. Gllman and C. G. Stuckwlech, J. Am. Chem. Soc.. 65. 
ito (19^3). 
*Compound Is Included In a treatment of melting points In 
the DiBCUselon section of this thesis. 
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Table k, (Continued) 
Name of compound m.P.. ° Reference 
3-Aminophenoxathlin^' 81.5-3 (75) 
4-Amlnophenoxathlin* b. n , 
209/5 mm. 
(54) 
4-Amlnophenoxathlin hydrochloride (?) 223-4, 
223-5 
(54) 
2- (£-Aminophenylsulfonamido)-
phenoxathlln 186-7 (93) 
4-(_2;-Amlnophenylsulfonamido)-
phenoxathlin 168 (94) 
2-Benzoylphenoxathiin 96-7 (35) 
2-Broffiophenoxathlln* 59-60 (35) 
90-1 (38) 
58-9 (54) 
/^-Brofflo-/^ -(2-phenoxathllnoyl )-
propionic acid 173 (95) 
_-Butylphenoxathiin b.p. 245-
264/20 mm. 
(96) 
l-Chlorophenoxathiin'*^ 78-80 (50) 
2-Chlorophenoxathiln* 88-9 (35,38,50) 
R. Burtner, U. S. Patent 2,604,478 (1952) T Aa.. 
48, 12813 (1954)3. 
B. Smith and H. 1^. Koll, U. 8. Patent 2,221,819 (1940) 
[2a. Ai. 11, 1803 (1941); Chem. Zentr.. 112. I, 3131 (1941)]. 
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Table 4. (Continued) 
Name of cofflpound M.p,,® Reference 
3-Chlorophenoxathlin» 81-2*^ (3^) 
79-81 (38) 
78-9^ (50) 
4- C hi or ophe noxat hi In*" b.p. 
192-3/7 mm. 
(3^) 
_-Chlorophenoxathlln (?) 37O (57) 
_-Chlorophenoxathlln (?) 59-60^ (3^) 
2-Cyanomethylphenoxathlln 85-8 
^-Cyclohexylphenoxathlln 
b.p. 190-
205/10 mm. 
b.p. 232-
8/20 mm. 
(97) 
(98) 
De oy Iphe noxathl In — — — (99) 
97w. Wenner, U. S. Patent 2,489,3^8 (19^0) C 
2559 (1950)]. 
B. Smith and H. ¥. Moll, U. S. Patent 2,221,820 (19^0) 
15. 1803 (Wl), Chem. Zentr.. 112. I, 3131 (19^1)]. 
B. Smith and H. W. Moll, U. S. Patent 2,277,833 (19^2) 
A:., 2§.> ^832 (m2)]. 
^Designated ae 1-chlorophenoxathlln by Suter and Green. 
"K 
Position not designated by Irle. 
^Designated as 2-chlorophenoxathlln by Ackermann. 
"^Designated as 3-chlorophenoxathlin by Suter and Green, 
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Table 4. (Continued) 
Name of compound Reference 
_-Dodecylphenoxathiin (99) 
Ethyl 2-phenoxethllncarboxylate (5^) 
^-Heptedecylohencxathlin (99) 
2-(~Hydroxyethyl)phenoxathlln 65-7 (22,25) 
4-Hydroxyphenoxathlln 98-9 (79) 
__-Hydroxyphenoxathiln (80) 
2-Iodophenoxathlin* 92-4 (75) 
3-Iodophenoxathlin^ 70-2 (75) 
4-lodophenoxathiln* 42.5-3 (75) 
Methyl V-oxo-3-phenoxathlinbutyrate 60-2 
b.p. 214- (77) 
222/0,5 mm, 
2-Methylphenoxathlln* 38-9 (34) 
37 (57) 
4-Methylphenoxathlln* b.p. 186- (34) 
7/14 mm. 
^.-Methylphenoxathlln* 83-4® (34) 
Methyl 1-phenoxathlincarboxylate* 95-6 (59) 
Methyl 4-phenoxathilncarboxylate* b.p. 183- (59) 
7/1 mm. 
®Deelgnated as 3-methylphenoxathlln by Suter and Green. 
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Table k, (Continued) 
Name of compound M.p,,® Reference 
2-Nltrophenoxathiin* 140 (67) 
160 (50) 
y-Oxo-2-phenoxathilnbutyrlc acid* 191-2 (77) 
y-Oxo-3-P^®iioxathllnbutyrlc acid* 159-161 (77) 
2-Phenoxathilnacetamide 200-. 2 (97) 
202-3 (100) 
2-Phenoxathlinacetio acid* 193-^ (97) 
136-7 (100) 
2-Phenoxathlinac8tonltrlle 
(2-Cyanomethylphenoxathlln) 
85-8 (97) 
l-Phenoxathllncarboxyllc acid* 221-2 (59) 
(38) 
2-Phenoxathllnoarboxyllc acid* 259-60, 
260-2 
(35) 
260-5 (5^) 
3-Phenoxathllncarboxylic acid* 223-^ (39,59) 
^-Phenoxathllncarboxyllc acid* 169-71 (38) 
168-9 (54) 
__-Phenox&thllncarboxyllc acid (?) 230-8 (37) 
Gllman and S. Avaklan, ^  Am. 
(19^). 
Chem. See.. 2104 
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Table 4, (Continued) 
Name of compound M.p.,® Reference 
4-Phenoxathilncarboxyllc acid amide 185-6 (5^) 
1-Phenoxathllncarboxyllc acid hydrazide^^ 197-8 (59) 
4-Phenoxathllncarboxyllc acid hydrazide* 127-8 (59) 
/S-( 2-Phenoxathllnoyl)acrylic acid 190 (95) 
/^-( 2-Phenoxftthllnoyl)proplonic acid* 191-2 (77) 
( y-Oxo-S-phenoxathllnbutyric acid) 
/^-(3-Phenoxathilnoyl)proplonlc acid* 159-61 (77) 
( y-Oxo-3-phenoxathilnbutyric acid) 
2-Phenoxathllnsulfonainlde 177-8 (35) 
2-Phenoxathilneulfonlc acid, sodium salt (35) 
2-Phenoxathlinsulfonyl chloride 127-8 (35) 
2-Phenoxyphenoxathlln 81-2 (3^) 
1-Phenylphenoxathiln (?) 70.5-1*5 (96) 
__-PropylphenoxEthiln b.p, 200- (96) 
"" 16/20 mm. 
2-Vlnylphenoxathiln 39.5-^1 (22,25) 
DlsubBtltuted phenoxathlins 
1-Acetainldo-3-phenoxathllncarboxylic acid 29^-5 ^39) 
2-Affilno-8-chlorophenoxathlln 
hydrochloride 220-1 (50) 
2-Amlno-8-methoxyphenoxathlln 277 (50) 
2-Amino-8-methylphenoxathiin* 97 (50) 
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Table k, (Continued) 
Name of compound M.p.,® Reference 
1-Aialno-3~plienoxethlincarboxyllG acid 250 (39) 
259 (50) 
248-9 (59) 
2,8~Ble-(/^-chloroacetyDphenoxathiln 193 (65) 
2 ,8-Bis-( flf-hydroxy-z^-plperidylethyl)-
phenoxathlin 133 (65) 
2,8-Bls-(/^-piperldylacetyl)phenoxathlln I05 (65) 
3-Chloro-__-cyclDhexylphenoxathiln (?) b.p. 215- (98) 
31/4 mm, 
2-Chloro-8-nltrophenoxathiln* 195 (50) 
128-9 (6?) 
l-Ghloro-3-phenoxathHncarboxyllc acid 249-50 (50) 
^-Cyclohexyl-l-phenylphenoxathiln (?) b.p. 215- (98) 
70/3.5 fflffl. 
1,3-Dlacetamldophenoxathlln 224-5 (30) 
242 (50) 
2,8-Dlacetamldophenoxathlln 253-4 (52) 
3.7-Dlacetamldophenoxathiln 289-90 (50) 
2.8-Diacetylphenoxathlln 186-7 (38) 
184-6 (52} 
175 (65) 
2,8-Dlacetylphenoxathlln dloxlme 220-1 (52) 
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Table 4, (Continued) 
Name of compound Reference 
1,3-Dlaminophenoxathiln'^ 158 (30) 
2»8-Diamlnophenoxathlin* 118 (50) 
171-3 (52) 
166-8 (76) 
3,7-Diamlnophenoxathiln* 167-8 (50) 
1, 3-DibenzamidophenoxathHn 257 (30) 
2,8-Dibenzoylphenoxathiln 197 (35) 
2,8-Dibromophenoxathiln* 92-3 (35,58) 
2, S-Dlchlorophenoxathiln'"" 13^-5 (35.63,64) 
137 (50) 
D1 chlor ophenoxa t hi in 168-9 (38) 
166-7 (50) 
_,_^-Dlcycloiiexylphenoxathlln (?) b.p. 300-
60/3,5 mm. 
(98) 
__,_-Didecylphenoxathiln (?) (99) 
__,,__-Didodecylphenoxathlln (?) (99) 
2» B-Diethylphenoxathlin b.p, 
203-4/4 mm. 
205-6/5 mm. 
(65) 
_,__-Diethylphenoxathiin b.p. 200-15, 
215-26/20 mm. (96) 
2,B-Dlmercaptophenoxathlin unstable (78) 
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Table k, (Continued) 
Name of compound M.p.,® Referenci 
2,8-Dlmercaptophenoxathlin dlacetate 108-9 (78) 
2,8-Dlmercaptophenoxathiln dimethyl 
ether 68-9 (78) 
2 ,B-Dlmethylphenoxathlln* 74 (63,65) 
71 (64) 
Dimethyl 1,6-phenoxathllndlcarboxylate 150.5-1.5 (38) 
149-50 (78) 
Dimethyl 4^,6-phenoxathlindlcarboxylate 82.5-3 (38) 
1,3-Dlnltrophenoxathiln* 187 (30) 
2 ,8-Dlnltrophenoxathlln* 143 (50) 
3,7-Dlnitrophenoxathlin^ 204-5 (66) 
__,_-Dlpropylphenoxathlln (?) b.p. 216-
226-4V20 
27, 
mm. (94) 
2-Methoxy-8-nltrophenoxathlln* ca. 300 (50) 
2-Methyl-8-nitrophenoxathlln* 160 (50) 
156 (67) 
l-Nltro-3-phenoxathllncarboxyllc acid* 262 (39) 
259 (50) 
260-2 (59) 
1,6-Phenoxathllndlcarboxyllc acid 354-6 (38) 
102 
Table (Continued) 
Name of compound M.p.,® Reference 
6-PhenoxathiIndlcarboxylIc acid 
2 ,8-Plienoxathllndleulf onamlde 
2,8-Phenoxathllndisulfonlc acid, 
dlsodlum salt 
2,8-Phenoxathllndlsulfonic acid, 
dieliver salt 
2,8-Phenoxathllnsulfonyl chloride 
2,8-Phenoxathllndlthlol 
{2,8-Dlmercaptophenoxathlln) 
266-7 
192 
142-3 
149 
unstable 
(38) 
(50) 
(35) 
(35) 
(35) 
( 7 8 )  
( 7 8 )  
Trlsubetltuted phenoxathllns 
2-Acetamldo-3i8-dlnltrophenoxathlin (?) 174-6.5 
3-Ghloro-__,_-dlcyclohexylphenoxathlln (?) b.p. 235-
60/5 mm. 
(75) 
b.p. 
260/5 mm, to 
270/3 mm. (98) 
,_j-Dlcyclohexyl-l-phenylphenoxathlin (?) b.p. 270-
330/3.5 mm, ( 9 8 )  
3-N11ro-8-me t hyl-1-phe noxathlln carboxylic 
acid 253-4 (37) 
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Table 5. Derivatives of phenoxathlln-10-oxlde 
Name of compound M.r;.,® Reference 
KonoBubetituted phenoxathiln-lO-oxldee 
2-Acetamldophenoxathlln-lO-oxlde 23^-5 (52) 
_-Cyclohexylphenoxathlln-10-oxlde (69) 
1-Phenoxathllncarboxyllc acid 10-oxlde* 262 (38) 
4-Phenoxathilncarboxylic acid 10-oxide 171-3 (38) 
Dlsubetituted ph®noxathlln-10-oxidee 
-Cyclohexyl-l-phenylphenoxatfelln-lO-
oxlde (?) (69) 
1,3~I^la,ce'fcamldophenoxathlln-10-oxlde 286 (50) 
1,3-Dlamlnophenoxathlin-lO-oxide* 262-3 (50) 
2,8-Dlchlorophenoxathlin-lO-oxide 168 (63) 
2,8-Dimethylphenoxathlin-lO-oxlde 132--3 (63) 
1,3-Dlnitrophenoxathiln-10~oxlde 202-3 (30) 
l-Nitro-3-phenoxathlinoarboxyllc acid 
10-oxlde» 251-2 (39) 
2,8-Phenoxathilndlcarboxylic acid 
10-oxide (?) 270 (65) 
Compound is included in a treatment of melting points in 
the Diecuselon section of this thesis. 
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Table 6. Derlvativee of phenoxathlln-10-dioxlde 
Name of compound M.p., ® Reference 
Monosubstituted phenoxathiin-lO-dioxides 
2-Acetamldophenoxathiin-lO-dioxide 280-2 (52) 
2-Aininophenoxathiin-lO-dioxide'''' 169-176, 
175.5-6 (38) 
164-5 (52) 
2-Bromophenoxathiin-lO-dioxlde* 177-8 (38) 
4-Bromophenoxathiin-lO-dloxide 157.5-8 (38) 
2-Chlorophenoxathiin-lO-dioxide*^ 158-9 (3^.38) 
(68) 
3-Chlorophenoxathiln-10--dioxide 178-9®" (3^) 
172-4^ (50) 
4-Chlorophenoxathlin-lO-dioxide 148-9 (34,5^) 
__-Chlorophenoxathiin-10-dioxide (?) 152-3° (3^) 
__-Cyclohexylphenoxathiln-10--dioxide (69) 
^Compound Is included in a treatment of melting points in 
the Discussion section of this thesis, 
^•DeBignated as l-chlorophenoxathiin-lO-dioxide by Suter 
and Green. 
^Position not designated by Irie, 
^Designated as 3-.chlorophenoxathlin-10-dioxlde by Suter 
and G-reen. Compound is the oxidation product of __-chlorophenoxa-
thiin, m.p, 59-60°. 
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Table 6. (Continued) 
Name of compound Reference 
2-Iodophenoxathiin-10~dioxlde* 171-2 (38) 
2-Methylphenoxathiln-lO-dioxlde'''^ 13-'+-5 (34) 
^-Methylrshenoxathiln-lO-dioxide"^*^ 141-2 (34) 
Met hyIphenoxat hiin-10-dioxide* 138-9^ (34) 
Methyl 1-phenoxathilncarboxylate 
10-dioxide 144-5 (59) 
Methyl ^-phenoxathiincarboxylate 
10-dioxide 124 (5^) 
123-4 (59) 
2-Nitrophenoxathiln-lO-dioxide* 187-90 (38) 
196.5 (50) 
187-8, 
192-4 (52) 
205-6 (67) 
l-Phenoxathlincarboxylic acid 
10-dioxide 
229-31 
228-9 
(38) 
(59) 
1-Phenoxathilncarboxyllc acid 10-
dioxide hydrazide 240 (59) 
2-Phenoxathllncarboxyllc acid 10-
dioxide 268-9 (50) 
4-Phenoxathiincarboxylic acid 10-
dloxide 
183-4 
189-190 
(54) 
(59) 
^Designated as 3-methylphenoxathiin-lO-dioxide by Suter and 
Green. Obtained by oxidation of -metJnylphenoxathiin, HI.P. 83-
84°. 
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Table 6. (Continued) 
Name of compound M.p,,® Reference 
^-Phenoxathilncarboxylic acid 
lO-dioxlde hydpazide 260 (59) 
2-Phenoxyphenoxathlln-lO-dioxide 112-3 (3^) 
Dieubetltutec! phenoxathlin-lO-dloxldee 
2,8--Bis-{ /<? -chloroacetyl )phenoxathiln-
10-dloxlde 22^-9 (65) 
2-Chloro-8-m0thylphenoxathiln-lO-
dloxlde* 173 (68) 
2-Chloro-8-nltrophenoxathiln-10-dloxide 183-5 (67) 
-Cyclohexyl~3(?)-chlorophenoxathlin-
10-d^oxlde (?) 195-6 (69) 
-Cyclohexyl-l(?)-ph«nylphenoxathiln-
10-dloxlde (?) 82-4.5 (69) 
2,8-Dlacetamidophenoxathiln-lO-dioxlde 338-41, 
3%-353 (52) 
3.7-Dlacetainldophenoxathlln-lO-dioxlde 359-62 (66) 
1,3-Dlanilnophenoxathlln-lO-dloxlde* 228 (30) 
2.8-Diamlnophenoxathlln-lO-dloxlde 239-40 (50) 
244-7.5 (52) 
3.7-Dlamlnophenoxathiln-lO-dloxlde 224-5.5 (66) 
2.8-DibPomophenoxathiln-lO-dloxlde 183-6, 
185-6 (35) 
2,8-Dichlorophenoxathlln-lO-dioxide 196 (63) 
__,_-Dlchlorophenoxathiln-10-dioxlde 208-10 (50) 
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Table 6. (Continued) 
Name of compound M.p.,® Reference 
2,8~Diethylphenoxathiin-10-dioxide oil (65) 
Diethyl 1,9-phenoxathiindicarboxylate 
lO-dioxide 1^3-3.5 (38) 
2,8-Dimethylphenoxathlin-lO-dioxide* 172 (63) 
Dimethyl 1,9-phenoxathlindicarboxylate 
10-dioxide 170-1 (38) 
Dimethyl 2,8-phenoxathiindicarboxylate 
10-dioxide 204-8 (65) 
1,3-Dlnitrophenoxathiin-lO-dioxide 256.5-7 (30) 
2.8-Dinitrophenoxathiin-lO-dioxide 276-8, 
ca. 280 (50) 
283-6 (52) 
3.7-Dinitrophenoxathiin-lO-dioxide 246-7 (66) 
2-M8thoxy-8-nitrophenoxathiin-10-dioxide 300 (50) 
2-Methyl-8-nitrophenoxathiin-10-dloxide* 196-7 (50) 
l-Nltro-3-phenoxathiincarboxyllc acid 
10-dioxide 296-7 (39) 
1,6-Phenoxathiindicarboxylic acid 
10-dioxide 351-3 (3B) 
1.9-Phenoxathiindicarboxylic acid 
10-dioxide 356-8 (38) 
2.8-Phenoxathiindicarboxylic acid 392-4 (38) 
10-dioxide 
300 (65) 
4,6-Phenoxathiindicarboxylic acid 329-31 (38) 
10-dioxide 
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Table 7, Phenothioxonlum derivatives 
Name of compound M.p., Reference 
Chlorophenothioxonium chloride 
{10,10-D1chlorophe noxathlln) 
2 ,8~Dichlorophenothloxonlum hydroxide 
2,8-Dlraethylphenothloxonlum hydroxide 
2-Nltro-8-chlorophenothioxonium 
hydroxide 
71 
142-5 
105-10 
135 
(50) 
(52) 
(64) 
(64) 
(50) 
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Table 8. Mlscellaneoue derivatives of phenoxathiln, 
phenoxathlln-lO-oxide and phenoxathlln-lO-dloxide 
Name of compound M.p.,® Reference 
1,^-Dlketo-2-chloro-3-(3'-oethyl-^'-
hydroxy-5'-thlolphenyl)thiol~6-
inethyl-8-thiolphenoxathlln (?) 
3,7-Diphenyl-l,9-dlketo-l,2,3,^,6,7,8,9-
octahydrophenoxathiln-lO-oxide (?) 
Isophenoxathiin-lO-dioxide (?) 
3»3.7»7-'i^etraffiethyl--l, 9-dlketo-
1> 2,3.^»6,7»8,9-octahydrophenoxathlin-
lO-oxlde (?) 
l»3il',3'-^etranltro-7»7'-dimethy1-
phenoxathiln-8,8•-disulfide (?) 
Tetranitrodiphenoxathiin (?) 
1» 3»1'13'-Tetranitrophenoxathiln-
8,8•-disulfide (?) 
l,3.1'.3'-Tetranltro-7,9,7',9'-
tetramethylphenoxathlin-8,8 
disulfide (?) 
250, 
decomp. 
216 
225 
181-2 
280, 
decomp. 
deoomp. 
255-7 
(31) 
(101) 
(102) 
(mi )  
(60)  
(60)  
(61) 
(62)  
D. Deeai and M. A. Wall, ^  Indian Chem. Soc.. 13. 
735 (1936). 
Hineberg, Ber.. ^  B, 127 (1929). 
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EXP ERIM5N TAL^ 0 3,10^ 
Reactione Involving Metalation and Subsequent Carbonatlon 
General procedure 
All preparations of orsanoraetallic oompounde were car­
ried out in an atmosphere of dry, oxygen-free nitrogen. The 
solvent employed in the reactione, anhydrous diethyl ether, 
%rae stored over sodium wire before usage. The metalation 
reaction was carried out in a three-necked, round-bottomed 
flask of proper size to sllov efficient stirring. The flask 
was fitted with a stirrer, a graduated separatory funnel and 
either a reflux condenser or a thermometer. When the reac­
tion was carried out at temperetures below 25°» a gee inlet 
tube fitted with a low temperature thermometer vme emr^loyed 
in place of the condenser. 
^All melting points reported herein are uncorrected. 
The determinations were made in a silicone oil-bath when the 
compound melted below 250 and in an electrically-heated cop­
per block when the melting point was above 250®. The bath 
and the block were heated at the rate of approximately 
1 /min. at the melting point of the compound, 
^®^A11 infrared epectra were obtained by use of the 
Baird double beam infrared spectrophotometer of the Institute 
for Atomic Research, Iowa State College. The writer ex­
presses his appreciation to Robert McCord, Robert Cross, 
Richard Hedges and Dr. Velmer A. Fassel for the determina­
tion of the spectra. 
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10 s 
The general method of Oilman and covorkere with 
minor raodificetione, was employed for the preparation of n-
butylllthium. Oil-covered lithium wire was cut into 3 m®* 
pieces which fell directly into the flask containing ether. 
The oil t.ras removed by several decantations of ether from 
the flask. During the 45 to 60-rainute period required for 
the addition of n-butyl bromide, the reaction temperature 
was maintained between -20° and -30°, The yields, as deter-
lOfi 
mined by double titration , of the sixteen one mole-scale 
preparations ranged from 86 to 93^» with an average yield of 
89.5^. 
Immediately prior to carbonation the metalation mixture 
was transferred to a dry separstory funnel which had been 
swept out with nitrogen, A nitrogen atmosphere was main­
tained above the metalation mixture during the transfer to 
the funnel and during the period in which the mixture was 
allowed to run into a very large beaker containing a stirred 
slurry of ether and powdered Dry Ice, The rate of addition, 
which sometimes was necessarily slow due to a vigorous car­
bonation reaction, was more easily controlled from a 
10 5 
H. Oilman, J, A. Beel, C. 0, Brannen, M, W. Bullock, 
G, E, Dunn and L. S. Miller. J, Am. Chem, Soc,. 71. 1^49 
(1949). "" 
Oilman and A. H, Haubein, ibid,. §i6, I515 (1944). 
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eeparatory funnel than f rom a reaction flaek. Subsequent 
to captoonatlon the mixture wae allowed to stand until the 
ether had evaporated. The dry eolld wae pulverized and ex­
tracted with petroleum ether (b.p. 60-70°) in a Soxhlet ex­
tractor, The extract contained materlale such as phenoxathlin, 
diphenyl ether and minor side reaction products. Following 
removal of the residual solvent, the salt mixture was die-
solved in water. If a considerable amount of solid insoluble 
in petroleum ether and water were present, it was collected 
by filtration. The salt solution was stirred with Norlt-A 
and filtered. Acidification was carried out by the dropwise 
addition of dilute (1:10) hydrochloric acid to the clear, 
stirred filtrate. 
Reaction of phenoxathlin with one equivalent of n-butyllithlua 
at low temperature 
To a solution of 30»0 g, (0,15 mole) of phenoxathlin in 
100 ml. of ether at -20° was added 112 ml. of a 1.3^ M solu­
tion (0.15 mole) of ji-butyllithium over a period of 30 
minutes. After 6 hours at -20® the cooling bath was removed. 
The mixture was allowed to warm to room temperature over a 
period of 1.5 hours and was carbonated. Color Test was 
ailman and J. Swiss, ibid,. 184? (19^0), 
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positive at the time of carbonatlon. After the mixtiire had 
been %Torked up ae In the "General procedure** section, there 
vae obtained 18.^ g. of yellow acid melting over the range 
145-159°. The material was recrystallized from glacial 
acetic acid to yield 16.4 g., melting range 164-234°. Sub­
sequent to additional recryetallizatione, one from 50^ acetic 
acid and two from glacial acetic acid, there was obtained 
7.9 g. (21.6^) of 4-T>henoxathllncarboxyllc acid, m.p. and 
mixed m.p, 171-173°* Also obtained wae 4,0 g. of a yellow 
acid mixture, melting range 167-240°, The range wae not 
altered by a subsequent recrystallization from glacial acetic 
acid, 
Reactl^on of phenoxathlln with one equivalent of n-butylllthium 
at 35° 
To a stirred solution of 20,0 g, (0,10 mole) of phenoxa­
thlln in 300 ml, of ether at 35° ^s.6 added 50 ml, of a 1,06 M 
solution (0,05 mole) of n-butylllthlum over a period of 45 
minutes. Color Test II was negative 45 minutes after the 
addition of this first half-molar equivalent. The second 
half-molar equivalent (0.05 mole) of n-butylllthium was added 
over a 30-ffilnute period. Color Test II was negative 30 min­
utes after the completion of the addition, at which time the 
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mixture was carbonated end worked up as in the "General 
procedure" section. 
Filtered from the petroleum ether extract VfB.S Gl SS!£tXX 
amount of yellow crystals which melted at 166-167°, leaving 
a residue. A mixture of this unknown material and a sample 
of ^ -phenoxathiincarboxylic acid (m.p. 171-173®) melted over 
the range 142-150°, leaving a residue. UneucceBsful attempts 
were made to purify the yellow crystals. Upon concentration 
of the petroleum ether filtrate there was recovered 0,7 g, 
(3*8J^) of phenoxathiin, m.p, and mixed m.p. 53-55°. 
The crude, yellow acid mixture weighed 18,6 g. and 
melted over the range 151-165°* attempt was made to 
separate the acids by extraction with ether, followed by re-
crystallization from glacial acetic acid. No separation was 
effected. The resultant mixture which weighed 14.4 g. was 
digested with benzene, a solvent which dissolved the mono-
carboxylic acid and left the dicerboxylic acid as a residue. 
Recrystallization of the dicerboxylic acid from methanol 
yielded 0.4 g. (1.4^) of 1,6-phenoxathiindioarboxylic acid, 
m.p. 348-350°» with decomposition. The identity of the 
compound was established by a mixed melting point determina­
tion with an authentic specimen, (See "Reaction of phenoxa­
thiin with two equivalents of xi-butyllithium" and "Hydrogen-
olysis of 1.6-phenoxathiindicerboxylic acid".) Upon 
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concentration of the benzene eolutlon there was obtained 
11.5 g. of yellow crystals, melting range 156-172®. Follow­
ing two recryetalllzatlons from benzene there was collected 
9.8 g. of yellow crystals, m.p. 170-172°. A final recryetal-
llzatlon from glacial acetic acid yielded 9.1 g. (36.9^) of 
4-phenoxathlincarboxyHc acid, m.p. and mixed m.p. 171-173°. 
It is probable that higher yields of both adds could 
have been obtained had eome of the numerous purification 
steps been omitted. A significant amount of product wae lost 
during the attempt to separate the acids by selective solu­
bility in ether. The second of the two recrystalllzatlons 
from benzene could have been omitted since it effected little 
purification. 
Reaction of phenoxathlln with two eaulYalents of n-butyllithlum 
Run I. To a stirred solution of 50.0 g. (0.25 mole) of 
phenoxathlln in 50 ml. of ether was added 427 ml. of a 1.23 M 
solution (0.53 mole) of n-butyllithium. After a 40-hour 
period of refluxing, at which time Color Test II wae faintly 
positive, the mixture was carbonated and worked up by the 
method described in the "general procedure" section. 
The yellow acid mixture which was filtered from the 
acidified salt solution weighed 6^.3 g. (89J^ of the 
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theoretical yield of phenoxathilndicarboxyllc acid) and 
melted over the range 2^0-295°- In a previous run the yield 
of crude product was 98^. Unsuccessful attempts were made 
to purify the product crystallization from glacial acetic 
acid and from a mixture of ethanol and benzene. 
A portion of the above crude mixture was esterified by 
reaction with abpolute etbanol which had been saturated with 
hydroffen chloride. Following distillation of the excess 
alcohol the reaction mixture was dissolved in ether, the 
ether extract was cashed with water and extracted with 5^ 
potassium Cfcirbonate solution. The ether solution was dried 
over Drierlte and the ether was removed by distillation. 
Crystallization of the residue first from ethanol and then 
from petroleum ether (b.iD. 60-70®) yielded fractions which 
melted over the ranges 65-85° and 102-105°* The higher-
melting fraction was recrystallized from a variety of 
solvents and the melting point Wfs raised as high as 108-111®, 
but very little product was obtained. An attempt to separate 
the esters by chromatography on a silicic acld-Celite column 
was unsuccessful. None of four chromatographic fractions 
melted over a range less than 11°. 
When the potassium carbonate extract of the ether solu­
tion was acidified there was recovered an amount of yellow 
acid equivalent to 28^ of the starting material. (In a 
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previous eeterlfIcatlon attempt a 35^ recovery of unreacted 
aclde WES made.) The acid mixture wss diseolved In dilute 
potaesium carbonate solution and the solution wse partially 
acidified with dilute hydrochloric acid. The acid which 
separated was collected by filtration and the filtrate was 
further acidified. This fractional acidification T?rocese 
was repeated two additional times. The first acid fraction 
gave yellow needles, m.p, 264-267°i upon recrystalllzatlon 
from glacial acetic acid. After each of two subsequent re-
crystalllzatlons from glacial acetic acid the product melted 
at 266-267^* This acid, 4,6-phenoxathlindlcarboxyllc acid, 
was Isolated In significant yields In a eubsecuent experiment. 
Difficulty was encountered in the process of dissolving In 
glacial acetic acid the last crude fraction obtained by the 
partial acidification procedure. From the cooled solution 
there was collected as the first fraction a bright, yellow 
powder which melted over the range 329-333°> with decomposi­
tion. The mother liquor gave crystalline material melting 
over the range 249-269®. Another recrystalllzatlon changed 
the melting range to 252-272°. The melting range suggested 
that both acids vere being concentrated In material which 
crystallized. Therefore, it was believed that the acids in 
a mixture of such a composition could not be readily separated 
by an ordinary recrystalllzatlon procedure. 
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Run II. To a stirred solution of 40.0 g. (0,20 mole) 
of phenoxathiin in 100 ml. of ether was added 350 ml. of a 
1,20 M solution (0,^2 mole) of n~butyllithium and the mixture 
was heated et the reflux temperature for 46 hours. Following 
carbonation and work up as in the "G-eneral procedure" section 
there was collected 55*^ g. (91/^ of the theoretical yield of 
phenoxathiindicarboxylic acid) of yellow r^roduct melting over 
the range 250-295*^• 
The crude product was digested with refluxing glacial 
acetic acid, a solvent which dissolved most of the material. 
Subsequent to hot filtration there was removed from the 
filter paper a bright, canary-yellow powder w'ich melted at 
352-35^°! with decomposition. The melting point of the 
yellow product, later shown to be that of 1,6-phenoxathiin-
dicarboxylic acid, was not changed by a recrystallization 
from methyl celloeolve. The material which was soluble in 
the acetic acid was purified little by one crystallization 
from this solvent. The melting range of 263-293° indicated 
that also some of the higher melting (35^°) acid had dissolved 
in the acetic acid. After many recrystallizations from 
methyl ethyl ketone and from dilute acetic acid, there was 
obtained a small amount of the pure acid melting at 266-267®. 
Since the purification process was very long and of an 
exploratory nature, the yield was not significant. 
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Run III. To a refluxlng, etlrred solution of 40.0 g, 
(0.20 mole) of phenoxathiln in 100 ml, of ether was added 
375 ol. of a 1.17 ^  solution (0,44 mole) of ri-hutyllithium 
and the mixture was stirred at the reflux temperature for 
40 hours. The mixture was carbonated and worked up according 
to the method described in the "^General procedure^ section. 
The crude, yellov; acid mixture, 5^.5 g* $ (95^) melting 
range 221-27^, was extracted with benzene in a Soxhlet ex­
tractor in order to remove the more soluble 4-phenoxathiin-
carboxylic acid. None of the monocarboxylic acid was isolated 
from the benzene extract. Removed from the Soxhlet thimble was 
46,0 g, of benzene-insoluble solid which melted over the range 
240-267°. The solid was dissolved in 10^ potassium hydroxide 
solution and to the vigorously stirred, pale orange solution 
was added slowly enough dilute acetic acid to precipitate 
most of the dull yellow acid. Following collection of the 
product, which weighed 33.0 g, and melted over the range 260-
283°» filtrate was further acidified with dilute hydro­
chloric acid. The bright canary yellow product weighed 
16.0 g. and melted over the range 295-316®. (Since a total 
weight of 49.0 g. was obtained, there may have been approxi­
mately 3 g. of occluded salts.) The material melting over 
the range 260-283° was redissolved in dilute potassium 
hydroxide solution and the partial acidification process 
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was repeated. There was collected 24.6 g. of dull yellow 
material, melting range 256-266®, and 4.4 g. of bright yellow 
solid melting over the range 267-318°. The last batch wae 
combined with the 16-g. fraction and the mixture was digested 
with 60^ acetic acid. Upon filtration of the acetic acid 
suspension there wae collected 9.6 g. of yellow solid which 
melted over the range 318-332°. The acetic acid filtrate 
was cooled and there was obtained 2,9 g. of yellow crystals 
melting over the range 246-267°. 
Crystallization from 60^ acetic acid of the material 
o 
melting over the range 256-267 gave three fractions having 
the following weights and melting ranges: 5»1 g.» 264-268°; 
14.9 g., 267-270°, and 2.1 g., 253-260°. The first two 
fractions, 20.0 g., represented a 34.7^ yield of relatively 
pure 4,6-phenoxathlindicarboxylic acid. An analytical sample, 
one which had been successively recrystallized from glacial 
acetic acid and methyl ethyl ketone with no change in melting 
point, melted at 266-267°. 
Anal. Calcd. for ctl4i%0^s: c, 56.33; h, 2.80; s, 11.12; 
neut. equlv,, 144. Found: C, 58.31, 58.52; H, 2.99, 2.90; 
S, 11.01, 11.08; neut. equlv., l44, 146. 
The material which melted over a range at temperatures 
above 300° was recrystallized from a large volume of aqueous 
acetone. There were obtained fractions with the following 
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weights and melting ranges: 5.1 g.• 3^0-3^6°; 0,9 g., 33^-
339®; and 3.9 g., 318-32^°. Decomposition accompanied 
melting in all three oases. The weight of 5.1 g. rerresents 
an 8.9^ yield of relatively pure 1,6-phenoxathiindicarboxyllo 
acid. This material did not depress the melting point of a 
sample (m.p, 351-353°» with decompoeition) which was obtained 
by subsequent recryetallization from methyl oellosolve. Dif­
ficulty was encountered in reproducing the melting points 
of l,6~phenoxathiindlcarboxylic acid due to the high melting 
point and the accompanying decompoeition of the sample at 
this temperature. For this reason the dimethyl ester, a 
compound which melted at a convenient temperature, was pre­
pared, (See "Preparation of dimethyl 1.6-T>henoxathiindi-
carboxylate ",) The analytical data for l.e-'-henoxathiindi-
carboxylic acid are given below. 
Anal, Calcd, for C^j^HgO^S; S, 11,12; neut, equiv,, 
144, Found: S, 11,04, 10,97; neut. equiv,, 144,5» 141,5. 
The stepwise acidification method for the separation 
of the two acids was crude and hiq-hly empirical. However, 
being a method utilizing a chemical rather than physical 
properties, it was believed to be more efficient than frac­
tional recryetallization, a procedure which was either 
ineffective or was accompanied by loes of large quantities 
of products. There were discernible, though slight, 
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differences In the colore and the apparent add etrengthe 
of the two Isomeric products. The bright canary yellow acid 
appeared to precipitate only after a considerable amount of 
the dilute hydrochloric (or acetic) acid was added to the 
salt Bolutlon. Though these differences In properties were 
not sufficient to facilitate a quantitative separation of 
the two adds, It Is probable that, with the proper utiliza­
tion of these properties, a more efficient separation than 
the one described can be effected. This improvement may 
entail the use of sodium or potassium bicarbonate as the base 
In which the odd mixture is dissolved. Such a buffered mix­
ture may allow the more complete precipitation of the first 
add before the acidity of the mixture is increased anough 
to cause precipitation of the second acid. Also, by filter­
ing more fractions of acid during the stepwise acidification, 
one may be able to effect a sharper separation and obtain 
more of the relatively pure acids before resorting to re-
crystallization. 
Reaction of phenoxathlin with methylllthium 
Methyllithlum was employed as a metalating agent in 
the course of attempts to limit the metalatlon of phenoxa-
thlin to formation of the monolithium derivative. 
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To a stirred eolution of 30.0 g, (0.15 mole) of phenoxa-
thlln In 150 ml, of ether r^as added I38 ml. of a I.3I M ether 
T08 
eolution (0.18 mole) of methyllithium. After a 20-hour 
reflux period the mixture was carbonated and worked up by the 
method described In the "General i^rocedure * eeotlon. There 
wae obtained from the petroleum ether extract 26,3 g. (87.7^ 
recovery) of phenoxethlln. The yield of crude ^-ohenoxathl-
Incarboxyllc acid melting at 169-172*' 3.^ (9.3^)* 
After one recryetalllzatlon from glacial acetic acid there 
was collected 2,7 g. of nure 4-rhenoxathllncarboxyllc acid, 
o 
m,p. and mixed m,p. 171-173 • 
When two molar equivalents of methyllithium were em­
ployed In the reaction, the yield of crude product, m,p. 169-
172®, was 11,6^, Mo Interfering quantity of dlcarboxyllc 
acid was formed. This crude rsroduct was much more readily 
purified than was the crude acid mixture which was produced 
upon metalatlon with one equivalent of n-butylllthlum. 
Reaction of phenoxathlln with four equivalents of 
•a-butylllthlum 
This experiment was carried out under the conditions 
employed In the halogen-metal Interconverslon reaction 
Gllman, E, A. Zoellner and M, Selby, ^  Am, 
Chem. Soc.. 1252 (1933). 
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between 2-bromophenoxathlln (ni.p. 5B-59®) and four equlva-
Ch, 
lents of n-butylHthium.'^ Phenoxathiin waB substituted for 
2-bromophenoxathlin to determine whether extensive metalation 
would occur under these conditions. 
fo a stirred solution of 3*6 g. (0.018 mole) of phen­
oxathiin in 50 ml. of dry benzene wee added 58.5 ml. of a 
1.28 M solution (0.072 mole) of n-butyllithlum over a period 
of 5 minutes. The mixture vae refluxed for 15 minutes and 
then carbonated. After the carbonation mixture had warmed 
to room temperature, 200 ml, of water was added and the mix­
ture was stirred and filtered. The layers were separated 
and the aqueous layer wee extracted with ether. Following 
removal of the dissolved ether, the aqueous solution was 
treated with Norit-A, filtered and acidified. The dry, 
yellow solid weighed 2,83 g. of theoretical if only 
phenoxathlincerboxylic acid) and melted over the range 155-
240®. The neutralization equivalent of the mixture, deter­
mined by two titrations with standard base, was found to be 
219-219.5* It was assumed that the mixture consisted of 
4-phenoxathllndlcarboxyllc acids, neut, equiv. 2^4, and 
phenoxathiindlcarboxylic acids, neut. equiv, 144, Calcula­
tions based upon the three neutralizations equivalents 
revealed that the mixture consisted of 8^% mono- and 16^ 
dicarboxyllc acid. 
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Thus, it is probable that an attempted halogen-metal 
interconverslon reaction carried out under the above condi­
tions would be accompanied by both mono- and dimetalation 
as side reactions. 
Reaction of phenoxathlln vlth phenylcalcium iodide 
To a stirred solution of 32.0 g. (0.16 mole) of phenoxa­
thlln in 150 ml, of ether was added 360 ml, of a 0,46 M 
ethereal solution (0.16 mole) of phenylcalcium iodide. 
After a 38-hour reflux period the mixture wae carbonated. 
When the dry carbonatlon mixture had been extracted with 
petroleum ether, the brown solid was removed from the Soxhlet 
thimble, the solvent was evaporated, the solid was stirred 
with water and the mixture was filtered. A water-insoluble 
brown solid was collected and the filtrate was acidified. 
There was obtained 0.5 of pale yellow acid which melted 
over the range 160-165°. After recrystallization from 50^ 
ethanol and then from 50/^ acetic acid there was isolated 
0,10 g, of 4-phenoxathllncarboxyllc acid, m.p. and mixed 
m.p. 169.5-171«5°* 
L. Esmay, Unpublished Ph.D. Thesie, Iowa State 
College Library, 1951. 
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The water-Insoluble brown solid was stirred with water 
and the mixture was acidified. Upon filtration there was 
obtained 2.8 g. of a sticky, brown material which was sub­
sequently dissolved in hot ethanol, the solution treated 
with Norit-A and filtered. Crystallization did not take 
place in absolute ethanol. lichen the solution wae diluted 
with water a black oil and yellow-brown crystals separated. 
The crystals were decanted from the oil, collected, and re-
crystallized from 50% acetic acid. There was obtained 0.1 g, 
of yellowish-brown cryetals, m.p. 253-256°. A mixture of 
this material and 4,6-phenoxathiindicarboxyllc acid (m.p. 
266-267°) melted at 259-261®. The infrared spectra, deter­
mined on Nujol mulls of the two samples, contained no sig­
nificant differences. 
From the sample tray of Van Eas^ there wae procured 
a small amount of grey-brown needles which had been prepared 
by metalation of phenoxathiin with phenylcalcium iodide. A 
mixture of this acid (m.p. reported 260-262°, found 258-259°, 
with decomposition) and 4,6-phenoxathiindicarboxylic acid 
o n 
(m.p, 266-267 ) melted at 258-260°, with decomposition. 
Preparation of dimethyl 4.6-phenoxathiindioarboxylate 
To a cold, swirled, ethereal solution of approximately 
13^ 
0,084 mole of dlazomethane^^^ wae added portlon-wiee 4.03 S* 
(0.014 mole) of 4,6- henoxathllndlcarboxyllc acid (m.p. 266-
267^). Following evaporation of the ether, the crude prod­
uct, m.p, 81-83'^» was recryetalllzed from 10-15 ml. of 
methanol to yield 3*70 g. (83»5^) of pale yellow crystals, 
o 
m.p, 81.5-82.5 • From a subsequent recrystallizatlon there 
was obtained 3.52 g. (79.5^) of pure dimethyl 4,6-phenoxa-
o 
thllndlcarboxylate, m.p. 82.5-83 . 
Anal. Calcd. for ^^^6^12^5^* 10.13. Found: S, 
9.72, 9.82. 
Prefaration of dimethyl 1.6-nhenoxathilndlcarbox.ylate 
The reaction wae carried out according to the procedure 
employed in the preceding preparation. There was obtained 
4.45 g. of yellow solid, melting range 136-140°, which was 
recrystalllzed three times from large volumee of methanol 
to yield 2.65 g. of glistening, yellow pletes, m.p, I5O-
151.5°* After a final recrystallizatlon from 75 ol- of 
absolute ethanol there was obtained 2,55 g* (57*5^) of di­
methyl 1,6-phenoxathllndicarboxylate, m.p. 150.5-151.5®* 
^^^F. Arndt, In "Organic Syntheses", Coll. Vol. 2, 
John Wiley and Sons, Inc., New York, N. Y., 1943, p. 165. 
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Anal, Calcd, for S, 10.13. Found: S, 
10.11, 10.08. 
The low yield may be attributed either to incomplete 
esterifIcatlon due to the infiolublllty of both the acid and 
the ester in ether or to Iobb during the several recrystal-
llzatlons from large volumes of methanol. 
Eeterification of a mixture of phenoxathilndlcarboxvllc 
acids 
An attempt wae made to separate 1,6- and 4,6-phenoxa-
thilndlcsrboxylic acid by way of the dimethyl esters. Crys­
tallization from methanol appeared to be the ideal method 
1 o 
of separation since the pure ^,6-ester, m.p. 82.5-83 , v&e 
fifty to one-hundred times more soluble than was the pure 
l,6-e8ter, m.p. I50.5-151-5*** 
To an ethereal solution of approximately 0.34 mole of 
diazomethane was added 8.06 g. (0.06 mole) of the powdered 
mixture of acids melting over the range 230-265°• After 
the ether had evaporated an attempt was made to recryetallize 
the residue from methanol. Oiling occurred even when crys­
tallization was attempted from a dilute solution. No success 
was had when a crystal of the less soluble ester was added 
to induce crystallization of this product. Further attempts 
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to separate the esters by use of petroletun ether (b.p. 60-
Q 
70 ) ae a solvent were uneucceesful. 
Reaction of phenoxathlin-10-oxide with ja-butyllithluum 
The results of nine runs of the reaction of phenoxathiln-
10-oxide with n-butyllithium are summarized in Table 9 on the 
following page. Descriptions of four retiresentative experi­
mental procedures appear immediately after the table. The 
reaction, which in several cases yielded at least six 
oroducts, is illustrated by the equation below. 
 ^11 II 
•0' 
CO,H 
0 
Yl 
S-C^hsSM yi 
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Table 9. Reaction of phenoxathiin-10-oxlde with 
n-t>utyllithiuffi 
Equivalents Tgmp., Producte, % 
of n-Cij.H^Li C. -J JJ jjj jy y 
1 -50 37 k 18 8 a 
2 -50 14^ 2 a a 37° d 
2 -50 19b 2 a 15 13 a 
3 -50 17^ 1 a a 36° 13 
3 -50 25 6 14 12 17 7 
3 -50 12^ a a a 31° a 
1 -20,20 49b - a - — -
2 -20,20 14 16 42 - — -
3 -20,20 e 21 e — — 
'^No isolation attempt made, 
"b 
Separated from III by crystallization. 
®High yields believed due to rapid addition of n~C2|,H9Li 
to a concentrated mixture, 
^Dietilled as an azeotrope; derivatized, but not 
ieolated quantitatively, 
®A large amount of oil remained after removal of the 
extraction solvent. Separation into I and III by vacuum 
distillation not attempted. 
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Reaction of phenoxathiln-lO-oxlde with three equlvalente of 
ji-butylllthlum at -50*^ 
To a stirred suspension of ^ 3»3 (0,20 mole) of 
phenoxathlln-10-oxlde In 350 ml. of ether at -50*^ was added 
5^3 ral* of a 1.18 M solution (0.6^ mole) of n-butylllthlum 
over a period of 45 minutes. All the 8oll<3 had dissolved 
after the second equivalent had been added. Color Test 
was positive throughout, but Color Test ii became positive 
only after the addition of the third equivalent and remained 
positive after ^ 5 minutes at -50 ± 5°« mixture was 
poured into a stirred slurry of ether-Dry Ice. After the 
ether had evaporated the solid carbonation mixture was ex­
tracted for 24 hours in a Soxhlet extractor with petroleuia 
ether (b.p. 60-70°). The extract was dried and the solvent 
was distilled. The residue was distilled at ,1.0 mm, to 
yield 4.6 g. (13*5/^) of dlphenyl ether, b.p, ?8-80®, and 
9.8 g. (24,5Jg) of phenoxathlln, b.p. 120-121°, m.p, and mixed 
m.p. with an authentic sample 56-57°. The Identity of the 
dlphenyl ether was proven by conversion to 4,4'-dibromodi-
phenyl ether. This bromlnation product showed no depression 
in m.p, (59-60°) with an authentic specimen. The solid from 
Gilman and F. Schulze, ^  Am. Chem. Soc.. 47. 2002 
(1925). 
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the Soxhlet thimble was stirred with water, the mixture 
filtered and the yellow aqueous solution was extracted with 
ether to remove oily material. Following removal of dissolved 
ether from the salt solution, the latter was stirred with 
Norit-A, filtered and acidified with dilute hydrochloric acid. 
The sticky acid was collected and the filtrate saturated with 
sodium chloride and extracted with pentane. The acid was 
dissolved in dilute alkali and reprecipitated twice, the 
aqueous filtrate being extracted with pentane both times. 
The solid acid was stirred with 150 ml. of warm benzene, the 
mixture was allowed to cool and then filtered to yield 9.8 g. 
of white solid, melting range 220-227°* After crystalliza­
tion from methyl ethyl ketone there was obtained 8.6 g. 
(16.7^) of 2,2'-dicarboxydiphenyl ether, m.p. and mixed m.p. 
with an authentic specimen,229-230®. The benzene solu­
tion was extracted with four 75-ffil* portions of 5^ sodium 
hydroxide solution and the warm extract was acidified. The 
acidic mixture was boiled and the supernatant liquid was 
filtered. Extraction was repeated 5 times with 200-ml. 
portions of hot water. Subsequent to cooling and filtration 
there was obtained 6.^ g. of solid melting over the range 
98-103®. The product was recrystallized from hot water to 
^^%indly provided by Dr. R. H. F. Manske. 
Iko  
yield k,9 g. (11.5^) of 2-carboxydiphenyl ether, m.p. and 
mixed m.p, 113-11^^. The residue from the hot water extrac­
tion was washed with petroleum ether (b.p. 60-70°) and then 
crystallized twice from dilute acetic acid to yield 2,7 g. 
{5*5%) of l-phenoxathiincarboxylic acid^^^, m.p. and mixed 
m.p. 223-22^.5°. 
Distillation of the pentane extract of the acidic, 
aqueous filtrate yielded 1.2 g. (6.7^) of n-butyl mercaptan 
(b.p. 82-86®), characterized as the mercury salt which did 
not depress the melting point of an authentic specimen of 
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mercury di-n-butyl mercaptide. 
Reaction of phenoxathiin-lO-oxide with two equivalents of 
ji-butyllithium at -50^ 
To a stirred suspension of 32.4 g. (0.15 mole) of 
piTenoxathiin-LO-oxide in 300 ml. of ether at -50° was added 
288 ml. of a 1.10 M solution (0.32 mole) of n-butyllithium 
over a period of 1 hour. The mixture was stirred at -50® 
for 70 minutes and then carbonated. By working up the car-
bonation mixture as deecribed in the preceding experiment, 
^l3An authentic specimen was kindly provided by Dr. 
D. A. Shirley. 
Wertheim, J. Am. Chem. Soc.. 3661 (1929). 
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except thet phenoxathiln was Isolated by crystallization and 
no attempt >ras made to Isolate the diphenyl ether or the 
meroaptan, there were obtained 5.8 g. (19.3^) of phenoxa­
thiln, 5.1 g. {13,2%) of 2,2'-dioarboxydiphenyl ether, 3.7 g. 
(15.1^^) of 2-c&rboxydiphenyl ether and 0.7 g. (1.9^) of 1-
phenoxathiincarboxylic acid. 
Reaction of phenoxathiin-lO-oxide vith one eouivalent of 
jx-butyllithium at -50^ 
To a stirred Buspeneion of 21,6 g. (0,10 mole) of 
phenoxathiin-lO-oxide in 200 ml, of ether at -50® was added 
81 ml. of a 1.35 M eolution (0,11 mole) of n-butyllithium 
over a period of 15 minutes. After 1 hour of stirring at 
-50° t 5° "the mixture was carbonated. The procedure de­
scribed for the reaction involving three equivalents was 
followed in the isolation of 3.0 g. (17.6^) of diphenyl 
ether, 7.^ g. (37.0^) of phenoxathiln, 1.7 g. (8.0^) of 
2-carboxydiphenyl ether and 1.0 g. (4.1^) of 1-phenoxathiin-
carboxylic acid. 
Reaction of phenoxathiin-lO-oxide with two equivalents of 
•a-butyllithium at -20°. room temperature 
The same procedure was used as in the reaction carried 
1^2 
out at "$0^ (see p. 1^0) except that the neutral compounds 
were isolated by vacuum dlBtlllation, The n-butyllithlum 
solution was added at -20® and the mixture was kept at this 
temperature for 5 hours; then it was allowed to warm to room 
temperature prior to carbonation. There were obtained ^.2 g, 
(l4.0^) of phenoxathiin, 10,8 g. of diphenyl ether 
and 5»8 g* (15.8^) of l-phenoxathiincarboxylic acid. The 
preeence of ja-butylmercaptan was not apparent, and therefore 
no attempt was made to isolate it. 
Reaction of phenoxathiin-lO-oxide with three equivalents of 
jci->butyllithium at room temperature 
To a stirred euepension of 21.6 g. (0.10 mole) of phen-
oxathiin-lO-oxide in 200 ml. of ether wae added 2^0 ml, of 
a 1»33 M solution (0,32 mole) of n-butyllithium over a period 
of 1,25 hours. The heat of the reaction maintained a very 
gentle reflux during the addition of the first two equiva­
lents. imring the course of the addition the euepension 
changed in color from yellow to brown. After 5 hours of 
stirring the mixture wae carbonated and worked up ae in the 
"General procedure" section. 
The petroleum ether extract wae dried and concentrated 
by distillation. There remained a yellow-orange oil which 
failed to crystallize. 
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The Bait solution yielded a yellow acid which was col­
lected, disBolved in dilute potaeeluni hydroxide solution and 
reprecipltated by dilute hydrochloric acid. The product was 
contaminated by oily Impurities %'hlch -/-^ere subsequently re­
moved by digestion with petroleum ether (b.p, 60-70°)-
greenish-yellow aolid vas digested with refluxing glacial 
acetic acid and the euetjenBlon was filtered while hot. The 
acetic acid-insoluble aolid was removed from the filter 
paper and recrystalllzed from methyl celloaolve to yield 
2.3 S» (8,0^) of 1,6-phenoxathiindicarboxylic acid, m.p. 
and mixed m.p, 348-350*'» with decompoBltion, 
When the acetic acid filtrate was cooled there separated 
4,0 g. of a sticky, yellow solid which was subsequently re-
crystallized from glacial acetic acid to yield a solid and 
a yellowish-brown oil. The solid, which weighed 1.2 g. and 
melted over the range 200-over 250°, probably consisted of 
a mixture of several adds. 
Reaction of phenoxathiin-10-oxlde with three equivalents of 
methyllithlum at -20°. 0° 
To a stirred suspension of 30»2 g. (0.l4 mole) of 
phenoxathlin-lO-oxide in 250 ml. of ether at -20° was added 
565 »!• of a 0.815 M solution (0.46 mole) of methyllithlum.^^® 
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The mixture became light orange in color during the addition 
of the first molar equivalent, but little change was observed 
during the addition of the last two equivalents. The addi­
tion was carried out over a 1.5-hour period, after which the 
mixture was allowed to warm to 0® over a period of 1 hour. 
No color change was apparent during this time. Color Test 
I was positive at the time of carbonation. 
The pale pink carbonation mixture was allowed to stand 
until moat of the ether had evaporated. There remained a 
sticky, reddish-brown mixture which was digested with petrole­
um ether (b.p. 60-70®) until the solid was dry enough to be 
placed in a Soxhlet extractor where it was extracted with 
petroleum ether. The red, petroleum ether extract was con­
centrated and allowed to cool. There was collected 16.3 
of phenoxathiin which wee identified by a mixed 
melting point determination. 
The reddish-brown solid from the Soxhlet thimble was 
stirred with water and the aqueous mixture was filtered. 
Collected on the filter paper was a solid which was recrys-
tallized from benzene (with Norit-A treatment) to yield 
4,9 g. (16.2^ recovery) of phenoxathiin-lO-oxide, m.p, and 
mixed m.p. 153-155°• 
The cloudy, aqueous extract was subjected to an ether 
extraction which removed a small amount of colored impurities. 
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Following the removal of dissolved ether, the aqueoue solu­
tion was acidified and a email amount of guniiny, ruet-colored 
material was collected, redieeolved in potaeeluro hydroxide 
eolutlon and the resulting mixture was slowly acidified, A  
granular, white eolld first appeared, but, upon addition of 
more acid, a sticky, yellow material separated. The product 
was collected and crystallized from benzene, but was again 
contaminated by oily impurities. The amount of acid present 
wae considered too small to warrant further separation 
attempts. 
The aqueous mother liquor from the first precipitation 
of the acid by dilute hydrochloric acid was red-colored and 
was believed to contain additional product. An ether ex­
traction was made and, following drying, the extract was 
concentrated. The residual red oil wae not investigated. 
Reaction of phenoxathlln-10-oxlde with three eguivalente of 
methyllithium at 35° 
To a stirred euspeneion of 27.0 g, (0.125 mole) of 
phenoxathiin-10-oxlde in 250 ml. of ether wae added 425 ml. 
of a 0.97 H eolutlon (0,41 mole) of methyllithium over a 
period of 2 hours. The reaction mixture wae refluxed for 
30 minutes and poured into a Dry Ice-ether slurry. The 
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carbonatlon mixture was allowed to stand oTernlght, wae 
etirred with water and filtered to remove 10,6 g. (39.7^ 
recovery) of phenoxathlin-lO-oxide, m.p. and mixed m.p. 
155-156 . 5°• layers were separated and the ethereal 
layer was dried and concentrated by distillation. There 
remained as a residue several grams of a sticky, foul-
smelling, yellow-oranp-e eolid. The materiel was believed 
to be principally phenoxathiin, contaminated by methyl 
mercaptan and other sulfur-containing by-products. 
Following the removal of the dieeolved ether, the aque­
ous Isyer was stirred with Norit-A, filtered and acidified. 
The yellow product was collected, rediseolved in dilute 
alkali and reprecipitated. After the 3.6 g. of yellow solid 
was collected and recryetalllzed from methanol, there was 
obtained 1.9 g. of l-phenoxathiincarboxylic acid, m.p, and 
mixed m.p. 222-223°. 
Reaction of phenoxathiin-lO-dioxide with two equivalents of 
ji-butyllithlua 
To a etlrred suspension of 46.4 g, (0.20 Kole) of 
phenoxathiin-lO-dioxide in 250 ml. of ether at -45° was added 
320 ml. of a 1.33 M solution {O.43 mole) of n-butylllthium. 
After 3 hours at -45 t 5° the mixture was allowed to warm 
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to -10° over a period of 1 hour. The yellow-orange suepen-
8ion wae poured into a stirred Blurry of ether and Dry Ice. 
The mixture was allowed to warm to room temperature and the 
ether was removed by decantatlon. The white solid was dis­
solved in vater and the filtered solution was acidified to 
yield 55.1 g, of finely divided, white solid which melted 
over the range 336-3^2®. Concentration of the aqueous fil­
trate yielded an additional crop of 4,1 g. of oroduct. The 
total weight of acid, 59.2 g., represented a 92,yield of 
crude 1,9-phenoxathllndicarboxyllc acid lO-dioxide. After 
two recrystalllzatlons from large volumes of methanol there 
was obtained 33*4 g. {$2,2%) of 1,9-phenoxathilndlcerboxylic 
acid 10-dioxlde, m.p. 354-357°» with decompoeitlon. Another 
recrystallization from methanol did not change the melting 
point. 
Anal. Calcd. for C24i%Oi7S: S, 10.01; neut. equiv., 
160. Found: S, 9.82, 10.12; neut. equiv., 159, 159. 
One of the small crops, 10.5 g., melting range 255-330°. 
obtained in the fractional recrystallization process, yielded 
9.8 g. of white crystals, melting range 332-342°, after an­
other recrystallization from methanol. In a subsequent 
experiment it was found that ethyl acetate was a good solvent 
for the separation of 1-phenoxathiincarboxylic acid 10-dioxide 
and 1,9-phenoxathilndlcarboxyllc acid 10-dioxlde. 
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Reaction of phenoxathlln-lO-dloxlde with one and one-half 
equlvalentB of n-butylllthimB 
Shirley and Lehto^^, who obtained l-phenoxathllncar-
boxyllc acid 10-dloxlde In yields ranging from 4o to k6% from 
the reaction of 0.10 mole of nhenoxathlln-lO-dloxlde with 
0,10 mole of ji-butylllthliaa, stated that "Increasing the 
amount of n-butyllithlum to 0.15 in the above procedure did 
not increase the amount of raetalatlon acid." Since 1,9-
phenoxathiindicarboxyllc acid 10-dloxlde ie soaewhat soluble 
In water, it is believed that the above workers missed this 
Droduct. No details were provided for the reaction employing 
0.15 mole of n-butylllthlum. 
To a stirred suspension of 23.2 g. (O.IO mole) of 
phenoxathlin-10-dioxlde in 200 ml. of ether was added 155 
ml. of a 0.97 M solution (0.15 mole) of n-butylllthium over 
a period of 30 minutes. The orange suspension was kept at 
ice-bath temperature durir^ the addition and for a subse­
quent 4-hour period of stirring. (Shirley and Lehto^^ employed 
a 2-hour period of stirring.) The ice-bath was removed and 
stirring was continued for a 30-minute period, after which 
the mixture was allowed to run slowly into a stirred slurry 
of ether and Dry Ice. Following evaporation of the ether, 
the white solid was stirred with I500 ml. of water and the 
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mixture wae filtered. (Shirley and Lehto added 500 ml, of 
water to the mixture and separated the ether and aqueous 
layers. Thle step vas not believed to be necessary since 
none of the expected products Is soluble In ether.) When 
the filtered salt solution was acidified there was obtained 
17,7 g. of product melting over the range 290-330®. The 
aqueous filtrate wae made alkaline, concentrated to 400 ml., 
treated with Norlt-A and filtered. Upon acidification there 
formed 9«4 g. of product melting over the range 335-341°. 
fhe mixture of 27.1 g. of white solid, melting range 
290-341°, ^-as digested with 400 ml. of refluxing ethyl ace­
tate and the hot mixture wae filtered. Retained on the 
filter paper was 19.9 g. of slightly impure 1,9-phenoxathiln-
dlcarboxyllc acid 10-dloxlde, melting range 344-348°. Upon 
concentration of the ethyl acetate solution there was ob­
tained 5.8 g. of impure product melting over the range 212-
222°. The higher-melting fraction was recrystalllzed twice 
from methanol to yield 15.4 g. (48.1/^) of 1,9-phenoxathiln-
dicarboxyllc acid 10-dloxlde, m.p. 350-352°, with decomposi­
tion. A mixed melting point with a sample of 1,9-phenoxa-
thilndlcarboxylic acid 10-dioxlde, obtained in the preceding 
preparation wae not depressed. 
After the low-melting fraction was recryetallized twice 
from 70^ ethanol there was obtained 4.1 g. (l4.9^) of 1-
phenoxathiincarboxylic acid 10-dioxide, m.p. 230-232°. 
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The overall yield of pure products vae higher In this 
experiment than In the preceding one in which two equlTalente 
of n-butyllithluffl were employed. This higher yield is prob­
ably due to the uee of ethyl acetate as the eolvent for the 
separation of the two acids. 
Reaction of phenoxathlin-lO-dioxide with one equivalent of 
methyllithlum 
This experiment was conducted in an attempt to find a 
metalating agent which would effect only monometalation of 
phenoxathiin-10-dioxide. 
To a stirred euspension of 23,2 g. (O.IO mole) of 
phenoxathlin-10-dioxlde in 200 ml. of ether at 0-5® was added 
8^ ml, of a 1.31 M solution (0,10 mole) of methyllithlum^®® 
over a period of 4o minutes. The pale orange suspension was 
stirred at ice-bath temperature for 2 hours and then allowed 
to warm to room temperature over a period of 1 hour. Fol­
lowing carbonation and evaporation of the ether, the white 
solid was stirred with 500 ml. of water and the mixture was 
filtered. There was collected 16.5 g» (77.1^ recovery) of 
crude phenoxathlin-lO-dloxlde, m.p. and mixed m.p. 142-1^6®. 
The aqueous filtrate was acidified to yield 8.6 g. of white 
solid melting over the range 217-2^0°. After one 
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recryBtalllxatlon from glacial acetic acid there was obtained 
6.8 g. of white cryetale, melting range 220-2^0®, Recrystal-
lization from 95% ethanol yielded 5.0 g. (18.1^) of 1-
phenoxathllncarboxyllc acid 10-dioxide, m.p, and mixed m.p. 
228-231°. The aqueous solution was concentrated and there 
was collected 0.9 g. (2.8^) of crude 1,9-phenoxathilndicarb-
oxylic acid 10-dioxide, melting range 338-3^2°, with 
decomposition. 
Reaction of phenoxathiln-10»dioxide with phenylcaloium 
iodide in tetrafaydrofuran 
To f stirred mixture of 46.^ g. (0.20 mole) of phenoxa-
thlln-lO-dioxide and 200 ml. of anhydrous tetrahydrofuran 
at 0° waB added 255 ml. of a 0.86 M tetrahydrofuran solution 
(0.22 mole) of phenylcalcium iodide. After the half-hour 
addition period, followed by 2 hours at 0® and 2.5 hours at 
room temperature, the mixture was carbonated. The solvent 
was evaporated from the carbonatlon mixture, leaving a 
brownish-red, sticky mass which was digested with petroleum 
ether (b.p. 28-38®) until most of the oily material was re­
moved. The resulting solid was stirred with 1 liter of 
water and the insoluble material wae removed by filtration. 
The colored, aqueous filtrate was concentrated to 600 ml.. 
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cooled and acidified to yield 10.9 g. of pale brown product 
melting over the range 205-211°. After two recryBtalliza-
tlone from 60% ethanol there was obtained 5.1 g. i9*3%) of 
1-phenoxathilncarboxylic acid 10-dloxide, m.p, and mixed m.p. 
230-232®. 
Preparation of dimethyl l.g-phenoxathiindicarboxylate 
10~dioxide 
To a cold, vigorously ewirled, ethereal solution of 
approximately 0.06 mole of diazomethane was added portion-
wise 3.2 g. (0.01 mole) of 1,9-phenoxathilndlcarboxylic acid 
10-dioxide (m.p, 350-352°, with decomposition). The mixture 
was allowed to stand for approximately 30 hours. Additional 
ether was added and the mixture was filtered. Upon evapora­
tion of the ether there was collected 0.4 g. of white crys­
tals, melting range 160-167°. After one recrystallization 
from methanol there was obtained 0.3 g, of slightly Impure 
dimethyl 1,9-phenoxathilndlcarboxylate 10-dioxide, m.p, 
165.5-168®. 
The dry, white, ether-insoluble solid was stirred with 
5% sodium carbonate solution and the insoluble solid was col­
lected by filtration and washed with water. The sodium 
carbonate filtrate was acidified and there was collected 
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0.80 g. (25.0^ recovery) of 1,9-phenoxathlindlcarboxyllc 
acid 10-dloxlde, identified by a mixed meltinir r^oint deter­
mination. 
The solid which was insoluble in sodium carbonate 
weighed 2.4 g. and melted over the range 167-225°. It was 
digested with 30 ml. of methanol and the hot mixture was 
filtered. Following crystallization there was collected 
1.6 g. (46.0^) of dimethyl 1,9-phenoxathilndlcarboxylate 
10-dioxlde, m.p. I7O-I71®. An additional recrystallization 
from methanol did not chsnge the melting point. 
Anal. Calcd. for Ci5%2®7®' 9.20. Found; S, 9.07, 
9.08. 
Preparation of diethyl 1.9-phenoxathilndicarboxylate 10-
dloxide 
Into e 500-ml., three-necked flask fitted with a stopper, 
a stirrer and a reflux condeneer equipped with a drying tube 
were placed 16.01 g. (0.05 mole) of 1,9-phenoxathiindlcarb-
oxyllc acid 10-dloxide (m.p. 350-352®, with decomposition) 
and a solution of 100 g. of hydrogen chloride in 200 g. of 
absolute ethanol. The acid dissolved after the mixture had 
been stirred for 3 hours at the reflux temperature. After 
a 16-hour period of refluxing most of the ethanol was 
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distilled from the flask. The residual white solid was 
stirred with sodium bioar"bonate solution and the mixture was 
filtered. Aoidlficetion of the filtrate yielded 1.0 g, of 
crystals, m.p, 206-207°. This material was not identified. 
There was collected, following the sodium bicarbonate 
o 
extraction, 16.4 g. of crude ester, melting range 138-1^2 , 
which was recrystallized from 50?^ ethanol to yield 14^,2 g., 
m.p. l40-l4l.5 . A recrystalllzation from 80^ ethanol 
yielded 12.8 g. (68.1^) of diethyl 1,9-phenoxathilndicarb-
oxylate 10-dloxide, m.p. 143-143.5°. The melting point was 
not altered by another recryetallization from 80^ ethanol. 
Anal. Calcd, for 8.52. Found: S, 8.52, 
8.42. 
Reaction of dlphenyl ether with two equivalents of Ji-
butyllithium 
It was believed that n-butylllthium cleaved phenoxathlin-
10-oxide at -50° to give 2,2'-dllithlodlphenyl ether, which 
eubeequently metalated phenoxathlln-10-oxlde when the reac­
tion wae carried out at -20® to 20°. To test the postulate, 
the reaction between preformed 2,2'-dllithlodlphenyl ether 
and phenoxathlin-10-oxlde was investigated. On the basis 
of the metalation studies of K. Oita it wae assumed that 
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2,2'-dlllthiodiphenyl ether ^"xae formed from dlphenyl ether 
In approximately 60^ yield. 
To a stirred solution of 28.7 g. (0.166 mole) of dl­
phenyl ether in 200 ml, of ether was added 235 ml. of a 1,42 
M solution (0,333 mole) of n-butyllithlum and the mixture 
was refluxed for I30 hours. Color Test II was faintly posi­
tive after ll4 hours of refluxing, A 5-ffll. aliquot of the 
mixture was withdrawn, carbonated and worked up to yield 
0,54 g,, melting range 115-170° and 0,16 g., melting range 
168-202°, The melting ranare suggests a mixture of 2-cerboxy-
and 2,2'-dioarboxyniphenyl ether. (A neutralization equiva­
lent performed on the crude mixture of acids would have 
given a very good indication of the relative amounts of 
mono- and dlcarboxyllc acid present. Unfortunately, this 
operation was omitted,) The suspension of 2,2'-dillthicdl-
phenyl ether was used in the following experiment. 
Reaction of phenoxathlin-10-oxlde vlth 2.2'-dlllthlodlDhenyl 
ether 
To a stirred suspension of 21,6 g, (0,10 mole) of 
phenoxathiln-10-oxlde in 200 ml. of ether at -20° was added 
the suspension of 2,2•-dillthlodlphenyl ether (theoretical-
0.10 mole) over a period of 1 hour. After 5 hours at 
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-20 i 5*^ orange-pinlc mixture was allowed to warm to 20® 
over a period of 1 hour and then carbonated. 
When all the ether had evaporated from the oarbonation 
mlxti're the dry solid was extracted overnight in a Soxhlet 
extractor with T)etroleum ether (b.p. 60-70°), The eolvent-
free solid from the Soxhlet thimble was stirred ^-'Ith water. 
The sticky material did not dissolve In water or In ether 
or In a mixture of the two solvents. After long heating In 
a mixture of water and acetone, most of the material dissolved 
and the mixture was filtered. When the filtrate was boiled 
to remove the acetone, a sticky, reddish-brown material 
eeparsted. The supernatant salt solution was decanted from 
the reelnous material. The latter subsequently came down 
as an oil after attempted crystallization from ethanol and 
from benzene. 
The salt solution, following treatment with Norlt-A and 
filtration, was acidified to yield an oily material. The 
aqueous solution was decanted from the product and the latter 
was dissolved In dilute sodium hydroxide solution. Into the 
alkaline solution was bubbled carbon dioxide, causing the 
precipitation of a sticky, tan-colored, semi-solid material. 
The phenolic material was removed from the mixture by ex­
traction first with benzene and then with ether. Concentra­
tion of the extracts yielded a reddish-brown oil and 0,1 g. 
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of white cryetalB, m.p. 149-152°. Uneucceesful attempts 
were made to cryetallize the reddish-brown phenolic material. 
The ealt eolution, from vhich phenolic materials had 
been removed, was heated to expel dlBBolved eolvente and was 
acidified. There was collected 19.0 g. of product, melting 
range 100-169°» which wae digested with benzene and the mix­
ture was filtered. The insoluble residue weighed 1.5 g. and 
melted over the range 231-236°, with decomposition. The 
benzene filtrate wae extracted with dilute sodium hydroxide 
eolution and the extract was acidified to yield 17,0 g. of 
white solid melting over the range 104-120°. The white solid 
was extracted with petroleum ether (b.p. 60-70°) in a Soxhlet 
extractor. After three extractions over an extended period 
of time, there was obtained from the extract a total of 
13.2 g. (61.7^ based upon 0,10 mole of 2-lithiodlphenyl 
ether) of S-cerboxydiphenyl ether, m.p, and mixed m.p, 112-
113.5°. 
The benzene-insoluble solid which weighed 1.5 g. 
(melting range 231-236®) wae recrystallized from methanol-
water (2:1) to yield 0.75 g. of white crystals of 1-phenoxa-
o 
thiincarboxyllc acid 10-oxlde, m.p. 262 , with decompoeition. 
A mixed melting point with an authentic sample prepared by 
oxidation of l-phenoxathilncarboxyllc acid was not depressed. 
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Reactlone Involving 2-Sub8tituted Phenoxathiine 
Frledel-Craftg acetvlatlon of phenoxatfalln^^* 
Run I. Into a one-liter, four-necked flaek fitted with 
a stirrer, a reflux condenser, a thermometer and a graduated 
eeparatory funnel containing a solution of ^0.0 g. (0.51 
mole) of acetyl chloride in 200 ml. of dry carbon disulfide 
were placed 100.0 g, (0.50 mole) of phenoxathiin, 80.0 g. 
(0.60 mole) of anhydrous aluminum chloride and 300 ml. of 
dry carbon disulfide. The acetyl chloride solution was added 
to the stirred mixture at 30° over a period of 5 hours. 
Immediately following the addition the tarry mixture became 
so viscous that it could not be stirred. The reaction mix­
ture was allowed to stand overnight and was poured into a 
stirred mixture of ice and hydrochloric acid. After fil­
tration had removed a small amount of sticky material, the 
layers were separated and the carbon disulfide layer was 
washed with dilute sodium bicarbonate solution and with 
water. The carbon disulfide solution was dried over Drierite 
and transferred to a distillation flask from which were 
distilled the carbon disulfide at atmospheric pressure, fol­
lowed by the principal fraction at a pressure of 0.6 mm. 
There was collected 69.1 g» of distillate which boiled over 
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the range 116-130*^. The reeidue which remained in the die-
tillatlon flask would not distill at a pressure of 0.01 mm, 
and a bath temperature of 230°. 
A  solution of the distillate in petroleum ether (b.t). 
60-70®) was alloved to percolate through a chromatography 
column packed with anhydrous alumina. After elution >rith 
petroleum ether there vas collected 58.7 g. i5B.7% recovery) 
of phenoxathlin, m.p. and mixed m.p, 56-57°* Elution with 
a mixture of ethanol and petroleum ether j^ielded a sticky, 
yellor material which wae crystallized from ethanol. The 
yellow crystals weighed 1,6 g. and melted over the range 
100-110°, No pure product was obtained. 
Run II. In a one-liter, four-necked flask fitted with 
a stirrer, & reflux condenser, a thermometer and a eenaratory 
funnel containing a solution of 100.0 sc. (0,50 mole) of 
phenoxathlin and ^ 1,0 g. (0,52 mole) of acetyl chloride in 
350 ®1. of dry carbon disulfide was placed a suspension of 
69,5 g. (0,52 mole) of anhydrous aluminum chloride in I50 
ml, of dry carbon disulfide. The solution was added to the 
stirred mixture at 30° over a period of 4 hours. After an 
additional 4-hour period of stirring at the reflux tempera­
ture, the mixture wse allowed to etand overnight and poured 
Into a slurry of ice and hydrochloric acid. Upon filtration 
there was collected 9.8 g. of tan solid, melting range 
180 
which was recryetalliaed twice from chloroform 
to yield 6.8 g. (4.8^) of pure 2,8-diacetylphenoxathiin, 
o o 
m.p. 186-187 . (The melting point has been reisorted as 175 
by Tomita®^ and 184-186° by Nobie and coworkers.^^) A mix-
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ture of the product and an authentic specimen (m.p. found 
17^-179°) of 2,8-diacetylphenoxathiin melted over the range 
175-182®. fhe infrared spectra of the authentic specimen 
and the product vere superimpoeable. 
The layers of the filtrate were separated. After having 
been washed with 10^ sodium carbonate solution and with water, 
the carbon disulfide solution was dried over Drierite. Fol­
lowing the removal of the carbon disulfide, the products were 
distilled at 0.2 mm. There were collected 38.2 g., boiling 
range 103-113° and 37.3 g.» boiling range 130-163°. The 
residue was recrystallized (with Norit-A treatment) from 
chloroform to yield 6.7 g. of crude 2,8-diacetylphenoxathiin, 
melting range 171-176°. 
All the first distillation fraction and approximately 
one-half the second fraction were soluble in petroleum ether 
(b.p. 60-70°). The insoluble material weighed 16.7 g. and 
melted over the range 98-106°. The petroleum ether solution 
was allowed to percolate through a chromatography column 
^^%indly provided by Dr. M. Tomita. 
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packed with anhydrous alumina and the mixture was eluted 
with petroleum ether (b.p, 60-70°), The solution obtained 
from the column yielded 39.5 g. (39.5^ recovery of phenoxa­
thiln) m.p. and mixed m.p. 56-57°» The alumina from which 
the phenoxathiln had been removed was extracted with ethanol. 
The pale yellow extract was employed es the recryetallization 
Bolvent for the 16.7 g. of material, melting range 98-106°. 
Following recryetallization there were obtained 20.0 g. of 
yellow solid, melting range 104-108° and 5.8 g«» melting 
range 86-91°. The larger fraction was recryetallized fotar 
times from methanol. The weights and melting ranges of the 
fractions after the succeeeive recryetallizations were 16.8 
g., 107-112.5°; 12.8 g., 111-115.5°; 8.1 g.. 114-119.5° and 
4.3 g., 115.5-119°. The last crop was recrystallized from 
petroleum ether (b.r?. 60-70®) to yield 3.0 g. (2.5^) of 
o 
2-acetylphenoxathiin, m.p. 116.5-118.5 • The melting point 
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of 2-acetylphenoxathiin has been reported as 111-112° and 
117.5-118°.^^ From the mother liquors there was recovered 
in three crops a total of 14.7 g. of yellow solid which 
melted over the range 106-118.5°. 
The crude mixture which was obtained following the 
chromatographic procedure probably contained, in addition 
to 2-acetylphenoxathiln, small amounts of phenoxathiln, 
another acetylphenoxathlin and dlacetylphenoxathiln. The 
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results of the following experiment revealed that 2-acetyl-
phenoxathiln oxitne was more readily purified than was the 
corresponding ketone. 
Preparation of 2-acetylphenoxathlln oxlme 
In a 250-njl., three-necked flask fitted with a stopper, 
a stirrer and a reflux condenser were placed 12.11 g, (0,05 
mole) of crude 2-acetylphenoxathlln (melting range 106-118.5°)» 
9,73 S* (0.1^ mole) of hydroxylamlne hydrochloride, 30 ml, 
of ahsolute ethanol and 45 ml. of dry pyridine. After the 
yellow mixture had been stirred at the reflux temperature 
for 3 hours, 40 ml, of the solvent was removed by distilla­
tion and the mixture was poured Into water. Upon filtration 
there was collected 13.0 g« (100^) of crude, white product 
which melted over the range l4o-150®. Upon recrystallization 
from ethanol (with Norit-A treatment) there was obtained 
o 
6.3 g. of 2-acetylphenoxathlin oxime, m.p. 156-158 . The 
mother liquor yielded 3.2 g., m.p. 15^-156®. The combined 
material represents a 73.8^ yield of slightly impure 2-
acetylphenoxathlin oxlme. The melting points reported for 
2-acetylphenoxathiin oxlme are 142-1^3®^^ and 158-159.5°*^^ 
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Preparation of 2-ainlnophenoxathlln by the Beckmenn 
rearrangement of 2~acetvlphenoxathiln oxlme 
In a 500-ml., four-necked flaek fitted with a stirrer, 
a reflux condenser, a thermometer and a rubber tube with an 
attached flaek containing 9.0 g, (0,0^3 mole) of ohosphorus 
pentachlorlde were placed 9.0 g, (O.O35 mole) of 2-acetyl-
phenoxathlln oxlme (m.p. 15^-158°) and 150 ml. of eodlum-
dried benzene. The stirred suspension was warmed to 
and the phosphorue pentachlorlde was added over a period of 
30 minutes. After the apparent reaction had ceaeed the 
orange solution was stirred for 2 hours. 
The reaction mixture wae poured In water, neutralized 
with sodium carbonate and the benzene wae removed by steam 
distillation. After the residue had been refluxed for k 
hours with 20^^ hydrochloric acid, the hot mixture wae fil­
tered. The insoluble residue was washed several times with 
hot water and the washinge were combined with the original 
filtrate. After the filtrate had been made alkaline with 
ammonium hydroxide there wae collected 6.1 g. (81.1^) of 
2-aminophenoxathlln, m.p. 93-95°* ^be compound has been 
reported to melt at 93-95®^^ 98®.^*^ 
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Preparation of 2-bromophenoxathiin by the Sandmeyer reaction 
Run I. To a cold solution of 0.024 mole of nltrosyleul-
furlc acld^^® wae added a solution of 4,3 g, (0,020 mole) 
of 2-afflinophenoxathlln (m.p. 93-95°) in 50 rol* of glacial 
acetic acid. The dlazotlzatlon mixture was first purple, 
then brown In color. The mixture was allowed to warm to 12® 
over a period of 45 minutes and added to a hot solution of 
0.015 mole of freshly prepared cuprous bromlde^^"^ In 75 ®1. 
of 48J^ hydrobromlc acid. After the 15-nilnute addition 
period the stirred mixture was heated on a water bath for 
1 hour, poured Into an Ice-water slurry and a sticky, brown 
solid was collected, After the solid had been dissolved In 
hot methanol, the solution was treated with Norlt-A and 
filtered. The seml-solld, yellow material which separated 
was collected and crystallized from methanol-water. The 
resulting crystals weighed 0.4 g, and melted over the range 
78-84°, Further attempts to isolate pure material were 
unsuccessful. 
H. Ksdeeon and J. Walker, Jj. Chem. Soc.. 1620 
(1933). 
I. Voeel, "A Textbook of Practical Organic 
Chemistry", Longmans, Green and Company, New York, N. Y., 
1948, p. 187. 
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Run II. A  eucpension of 1.75 g» (0.006 mole) of 2-
amlnophenoxathlln hydrobromlde in 50 ml. of dilute hydro-
broraic acid was heated to 90-95*^ and then cooled rapidly. 
To the stirred suspension at 0° vas added orer a period of 
20 minutes a eolution of 0.^9 g. (0.007 mole) of sodium 
nitrite in 2.5 ffll. of water. The orange diazotization 
mixture %^as stirred at 0-5° for 1 hour. 
A solution of cuprous bromide was prepared by diesolring 
approximately 0.004 mole of freshly prepared cuprous bro-
midf^^'' in 8.5 ml. of ^ 8% hydrobrooic acid. The purple 
bromide solution was diluted with 10 ml. of water. (This 
dilution step may have been unnecessary.) To the stirred 
cuprous bromide solution at room temperature was added the 
cold, orange-colored diazotization mixture. After a 15-
minute period of stirring at room temperature, followed by 
an equal period at approximately 100°, the mixture consisted 
of a dark brown oil and a green aqueous solution. The con­
tents of the flask were cooled and the aqueous solution was 
decanted. The residue was digested three times with dilute 
methanol and the methanol extracts were combined, treated 
with Norit-A and filtered. Following cryetallization there 
was obtained 0,6^ g. (39.5^) of white crystals of 2-bromo-
o 
phenoxathiin, m.p, 89-90 . There was no depression in the 
melting point of the mixture consisting of the above product 
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and a sample of the 2-broraophenoxathiin (m.p. 90-91°) vhlch 
was prepared by reduction of 2-broffiophenoxathlln-lO-dloxide. 
(See "Preparation of 2-bromophenoxathlln*'.) 
Reactions Involving 2-Bub8tltuted 
Phenoxathlln-lO-dloxldee 
Preparation of 2-nltrot>henoxftthlln-10~dioxlde 
This reaction was carried out according to the procedure 
of Noble, Blardlnelll and Blaney^^, who reported a yield 
of 2-nitrophenoxathlin-lO-dloxide, m.p. 192-19^°. 
To a stirred solution of 232 g. (1.0 mole) of phenoxa-
thlln-lO-dioxide (m.p, 147-148®) in 900 ml, of glacial acetic 
acid was added 720 ml, (17.3 moles) of nitric acid (sp. gr, 
1.5) over a period of 1,5 hours. The solution was stirred 
at the reflux temperature for 4 hours and then allowed to 
stand overnight in the refrigerator. Subsequent to filtra­
tion, washing and drying, the crystals weighed 218 g, and 
o 
melted over the range 181-186 . After two recryetallizations 
from large volumes of acetone there was obtained l40 g. 
(50*5^) of 2-nltrophenoxathlln-lO-dloxlde, m.p, 187-190°. 
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Preparation of 2-aBilnophenoxathlln~10~dloxlde by reduction 
of 2-nltrophenoxathiin~10-dioxide 
This reaction was carried out accordins to the procedure 
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of Nobis and coworkers , who obtained a 60^ yield of 2-amino-
phenoxathiin-lO-dioxide melting at 163-16^.Two modifi-
catione of the work-up procedure are mentioned in the 
description of the experiment. 
In a two-liter, three-necked flask fitted with a stirrer, 
a reflux condenser and a thermometer were placed 90,0 g. 
(0.325 mole) of 2-nitrophenoxathiin-lO-dioxide (m.p. 187-190°), 
296 g. (1.32 moles) of stannous chloride dihydrate and 850 ml, 
of glacial acetic acid which had been saturated with hydrogen 
chloride. The eolio dissolved upon stirring and the tempera­
ture rose spontaneously to 100°. After the mixture was stirred 
at 110-115*^ for 7 hours, it was allowed to cool and the 
crystalline product was collected by filtration, (Nobis and 
coworkers did not isolate the amine salt.) An aqueous sus­
pension of the salt was made alkaline with dilute potassium 
hydroxide solution and the solid was collected. This crude 
amine was dissolved in hot, dilute hydrochloric acid, the 
solution was filtered while hot and the filtrate was made 
alkaline with potassium hydroxide solution. The product, 
32,1 g., melting range 164-173°, was recrystallized twice 
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fro® methanol-water (1:1) to yield 27.1 g. of white cryetale 
melting over the range 16^-176*'. The first re crystallization 
from acetone-water (1:1) yielded 22,0 g. (27.'^'^), melting 
o 
range 169-176.5 • From a subsequent recryetallizatlon using 
this solvent there was obtained 20,0 g. of product melting 
over the range 169-176°. Recrystallization from chloroform 
did not alter the melting range. The melting point was taken 
at various rates of heating and the sample was placed in the 
melting point bath at several temperatures with no effect 
upon the melting range. A sample was placed in a test tube, 
melted at 176°, allowed to cool, ren»ved and pulverized. 
The melting point of this material was 175.5-176.0°, with 
o 
no change at 169 • The infrared spectra of the two samples 
(in potassium bromide pellets) melting at 169-176° and 
175-5-176.0° were almost Identical, The results indicate 
that there may be two crystalline forme of 2-amlnophenoxa-
thiin-lO-dloxide. 
Anal. Calcd. for 12.95. Found: S, 
12.83, 12.88. 
The original acetic acid mother liquor which remained 
following the removal of the crystalline amine salt was 
treated with eodlum hydroxide until the mixture was alkaline. 
The voluminous solid mixture, which probably consisted of 
eodlum acetate, tin salts, unreacted nltro compound and the 
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amine, was collected "bj filtration and digested several 
timee with hot methanol. Concentration of the methanol ex­
tracts yielded a eolld which was stirred with hot, dilute 
hydrochloric acid and the hot mixture was filtered, (Noble 
and coworkers did not carry out this procedure Involving 
treatment of the mixture with acid, followed by repreciplta-
tion of the amine.) iifter the filtrate wae made alkaline 
with ammonium hydroxide there was collected 24,4 g, of solid 
melting over the range 148-160°, SuccesBlve recrystalliza-
tione from acetone-vrater (1:1) and methanol-water (2:1) did 
not alter the melting range significantly. The white crys­
tals melted over the range 164-172° after recrystallization 
from chloroform. 
Preparation of 2-chlorot)henoxathiin-10-dloxide by the 
Sandmeyer reaction 
To a stirred solution of 0,022 mole of nitrosylsulfuric 
acid^^® at 5° was added a solution of 4,94 g, (0,20 mole) ^  
of 2-aminophenoxathiln-lO-dioxide (melting range 169-176®) 
in 60 ml. of glacial acetic acid. The temperature of the 
diazotizatlon mixture was maintained at 5-10** during the 15-
minute addition period and for an additional period of 30 
minutes. The mixture was allowed to warm to 15° over an 
interval of 45 minutes. 
170 
Into a 250-isl. flsek fitted with a stirrer was placed a 
llf? 
solution of 0.012 mole of freshly prepared cuprous chloride 
in 10 ml. of concentrated hydrochloric acid. To the stirred 
solution which was heated by a water-bath was added the dl-
azotization mixture described above. After the 15-niinute 
addition period the dark green solution was stirred for 1 
hour and then poured upon crushed ice. Following filtration, 
washing with water and drying there was obtained 5»05 g. 
(95^) of crude 2-chlorophenoxathiin-lO-dloxlde melting over 
the range 153-158°• Successive recryetallizations from 
ethanol and aqueous acetic acid yielded 4.00 g., in,p. 157-
159° (sintering at 153°) 3.85 g. (72.2^) of 2-chloro-
phenoxathiln-lO-dloxlde, m.p. 158-159°. A mixed melting 
119 point with an authentic sample ^  was not depressed. 
Preparation of 2-bromophenoxathiin-lO-dioxide by the Sand-
meyer reaction 
To a stirred solution of 0,46 mole of nitroeylsulfuric 
acid at 5^ was added a solution of 9.89 g. (0,040 mole) of 
2-afflinophenoxathlln-lO-dioxlde (melting'* range 169-176®) in 
F. Fleser, "Exoeriments in Organic Chemistry", 
D, C. Heath and Company, New York, N. Y,, 19^1, p. 215. 
^^^Klndly provided by Dr. C. M. Suter, 
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110 ml, of glacial acetic acid. The addition required a 
period of 20 mlnutee. After an additional 1-hour period at 
5-10® the mixture wae allowed to warm to 15® and was trans­
ferred to a separatory funnel. 
In a 500-®l» flask fitted with a stirrer wae placed a 
solution of 0,023 mole of freshly prepared cuprous bromide^^"'' 
in 125 ral. of 48^ hydrobromic acid. To the purple solution 
which was heated by a water-bath was added the diazotization 
mixture described above. After 1.5 hours of stirring the 
purple mixture wae poured upon crushed ice. There was ob­
tained 11,2 g, (90^) of crude 2-bromophenoxathiin-lO-dioxide 
melting over the range I7O-I76®. The material was recrys­
tallized from ethanol to yield 9.6 g, of white crystals, 
m,p, 175.5-177°* Subsequent to recrystallization from 
glacial acetic acid there was obtained 7,1 g, (57.0^) of 
2-bromophenoxathiin-lO-dioxide, m.p. 177-178°. Another re-
cryetallization from glacial acetic acid i^roduced no change 
In the melting point. 
Anal. Calcd. for C22®7®^3'®* 10-30* Found; S, 
10.23, 10.12. 
Preparation of 2-iodoT)henoxathiin-10-dioxide from 2-amino-
phenoxathiin-lO-dioxide 
To a stirred solution of 0.022 mole of nitrosylsulfuric 
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aold^^® at 4-8° was added a solution of 4.9^ g. (0.020 mole) 
of 2-aminophenoxathiin-lO-dloxlde (melting range 169-176®) 
in 60 ml. of glacial acetic acid. After the yellow mixture 
had been stirred for approxinately 1 hour there was added 
0,2 g. of urea (to remove exceee nitrous acid) followed by 
a solution of 3»65 g. (0.022 mole) of potassium iodide in 
40 ml. of water. When the dark brown mixture had warmed to 
6O-70'' the excess iodine was removed by the addition of 5/^ 
sodium bisulfite solution. The mixture was stirred for 30 
minutes, poured upon ice and the tan solid was collected by 
filtration. Upon recrystallization from aqueous acetic acid 
there resulted a red oil and a white solid which were sepa­
rated manually. The white solid was digested five times 
with 75-ml. portions of hot petroleum ether (b.p. 60-70°). 
The pink material which did not dissolve melted over the 
range 120-160°. From the petroleum ether solution there was 
obtained 1.84 g. of t^roduct, m.p. 167-169°, which was recrye-
tallized from aqueous acetic acid to yield 1,43 g. (20.0^) 
o 
of 2-iodophenoxathiln-lO-dioxlde, m.p. I7I-I72 . A subse­
quent recrystallization from acetic acid-ethyl acetate did 
not ctenge the melting point. (For the analysis see 
''Preparation of 2-iodophenoxathiln-lO-dloxide by iodination 
of phenoxathiin-lO-dioxide) 
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Reduction of the Sulfone Group "by 
Lithium Aluminum Hydrlde^^ 
Preparation of nhenoxathlln 
In a 250-Eil.» three-necked flask fitted with a stirrer, 
two nitrogen Inlet tubes and a reflux condenser were placed 
5.80 g. (0,025 mole) of phenoxathlln-10-dloxlde, 125 ml, of 
anhydrous ether and 1.42 g, (O.O38 mole) of powdered lithium 
aluminum hydride. The ether began to reflux immediately upon 
the addition of the hydride. When the refluxlng subsided 
heat was applied to the stirred mixture. After 18 hours of 
refluxlng* the eusT)eneion was allowed to cool and the excess 
hydride was decomposed by the cautious addition of ethyl 
acetate, followed by wet ether, water and dilute hydrochloric 
acid. An emulsion was broken by the addition of ar>proxlmately 
30 ml. of 10^ hydrochloric acid. The layers were separated 
and the aqueous layer was extracted with ether. After the 
ethereal extract had been dried over Drlerite, the ether was 
removed by distillation. The residual oil was cooled and 
the resulting crystals were collected, washed with cold 
methanol and dried under reduced pressure. There was 
•A much shorter reaction period may have been 
sufficient. 
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obtained 2.64 g, {^2*8%) of phenoxathiln, m.p. and mixed 
ffl.p. 53-55°. 
Preparation of 2--ohlorophenoxathiin 
In a 25O-B1I., three-necked flask fitted with a stirrer, 
two nitrogen inlet tubee and a separatory funnel containing 
a BuspenBion of 0.61 g. (0.016 mole) of powdered lithium 
aluminum hydride in 75 ml. of anhydrous ether was placed a 
suspension of 3«20 g. (0.012 mole) of 2-chlorophenoxathiln-
10-dioxide (m.p. 158-159°) in 50 ml. of anhydrous ether. 
The hydride-suspension was added to the stirred mixture, 
causing very mild refluxing and the appearance of a yellow-
grey color. After 22 hours of refluxing, the mixture waa 
worked up as in the preceding experiment. The ether solution 
yielded an oil which consisted of 2-chlorophenoxathiin «uid 
unreacted 2-ohlorophenoxathiln-lO-dioxide. A 6% recovery 
of the latter compound was made. The 10-dioxide, being less 
soluble than 2-chlorophenoxathiin, prevented the Isolation 
of the product by a conventional recrystallization procedure. 
Separation was accomplished by digestion of the mixture with 
petroleum ether (b.p. 28-38®), which dissolved only the un-
oxidized compound. From the petroleum ether extracts there 
was obtained 0.61 g. (21.5/^) of 2-chlorophenoxathlin, m.p. 
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88-89°. A mixed melting point with an authentic epeclmen^^^ 
was not depressed. 
Preparation of 2~broinophenoxathlln 
In a 250-ml., three-necked flask fitted with a stirrer, 
two nitrogen Inlet tubes and a reflux condenser was placed 
a euepenslon of 6.23 g. (0,02 mole) of 2-bromophenoxathlln-
o 
lO-dloxlde (m.p. 177-178 ) In 125 ml. of anhydrous ether. 
To the cold suspenelon was added In one portion 1.14 g. 
(0.03 mole) of powdered lithium aluminum hydride. The mix­
ture was stirred at room temperature for ^5 minutes, then 
at the reflux temperature for 20 hours. Following decompo­
sition of the excess hydride the layers were separated and 
the ethereal layer was dried. After distillation of the 
ether there was obtained a white solid which was recrystal-
llzed twice from ethanol. The resulting 1.25 g. of white 
needles, m.p, 89-90,5®» wae recrystalllzed again from 
ethanol to yield 1,10 g, (19.7J^) of 2-bromophenoxathlln, 
o 
m.p, 90-90,5 . A final recrystalllzatlon from methanol did 
not alter the melting point. 
Anal. Calcd. for 28.63; S, 11,49. 
Found: Br, 28.81, 28.65; S, 11.53, 11.55. 
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The infrared apectrum of 2-bromophenoxathiin was com­
pared with that of 2-chlorophenoxathiin, both samplee having 
been run as Nujol mulle and in carbon disulfide solutions. 
In the region 2-16>< there was no significant difference in 
the spectra of the two compounds. The spectrum of each of 
the two samples run in carbon disulfide contained 15 distinct 
absorption bands between 7.3 and 1^.7>< • 
Halog-enation Reactions 
Reaction of phenoxathiin with sulfuryl chloride in pentane 
In a 250~nil., three-necked flask fitted with a stirrer, 
a reflux condenser and a separatory funnel containing a 
solution of 28.^ g. (0,21 mole) of sulfuryl chloride in 50 
ml. of dry pentane was placed a solution of ^0,0 g. (0.20 
mole) of phenoxathiin in 100 ml. of pentane. The sulfuryl 
chloride was added to the yellow-orange refluxing mixture 
over a period of 2 hours. The yellow color disappeared 
during the subsequent 15-hour reflux period. After the mix­
ture had been cooled and filtered there was collected 9.0 
g. of white solid melting over the range 103-124®. The 
solid was recrystallized from a large volume of methanol to 
yield 3,0 g. of white crystals, melting range 146-168®. 
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Concentration of the mother liquor gave 2,5 g. of white 
Bolid, melting range 64-70®, 0,6 g., melting range 38-^9^ 
and an oil. The pentane mother liquor from the firet crop 
of solid yielded 20,5 g. of white product melting over the 
0 
range 38-55 • 
The material melting over the range l^e-ies'' vae re-
crystallized from approximately 200 ml, of petroleum ether 
(b,p. 60-70°) to yield 2,1 g, of glistening, white plates, 
m.p, 168-169®, This compound is believed to be the eame as 
the _,^-dichlorophenoxathiin, m.p, 166-167°i which Irle^® 
obtained by direct chlorination of phenoxathiin, Irie^^ 
proved that the compound wae not 2,8-dlchlorophenoxathiin. 
Five fractions of solid having melting ranges from 38 
to 80° were combined into one batch weighing 29.^ grams. 
The material was dissolved in methanol and the following 
fractions were obtained upon recrystallization: 6,3 g.» 
m e l t i n g  r a n g e  5 7 - 8 7 ° ;  8 , 0  g , ,  m e l t i n g  r a n g e  6 ^ - 7 3 ® ;  g * »  
melting range 35-^8° and an oil. The material melting over 
1 o 
the range 64-73 was recrystallized from methanol to yield 
4,5 g. of white crystals, melting range 72-78®» Another 
reoryBtallization yielded 3.3 g« of product, m.p, 77-80®, 
The melting point was raised to 79-81® by a recrystallization 
from petroleum ether (b.p, 60-70®), Another recryetalliza-
tlon from the same solvent did not alter the melting point 
178 
of the 1.8 g, of white crystals. The corapound Is believed 
to be 3-chlorophenoxathlln. 
Anal. Calcd, for 03^2^7^108; S, 13,66. Found: S, 
13.53. 13.^3. 
A sample of the material melting over the range 57-87° 
was analyzed and the percentages of sulfur were found to be 
12.87 and 13.04. The values suggest that the mixture con­
sisted of a chlorophenoxathlln contaminated by a ^ ,^-dl-
c hlorophe noxat hiIn, 
Among the many samples which were kindly provided by 
Dr. C, M, Suter was one designated as 3-chlorophenoxathlln 
(ffl.p. reported^^ 59-60°). The melting point on the label 
of the sample bottle was 58-59°» but the material was found 
to melt over the range 61-67°. An unsuccessful attempt was 
made to purify the solid by a conventional recrystalllzatlon 
from methanol. However, using tweezers and a small spatula 
there were separated diamond-shaped (m.p. 93-96®) and needle-
like {ffi.p. 80-82°) crystals. The latter melting point Is 
the same as that reported by Suter and Green for the prod­
uct of chlorlnatlon of phenoxathlln. 
The infrared spectra were determined on carbon disulfide 
solutions of the samples. The spectrum of the original ma­
terial (melting range 61-67°) contained twelve bands in the 
region 9.2-l4.7>6<. In thie same region the spectrum of the 
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material melting at 80-82® contained eight bande, while that 
of the material melting at 93-96® contained seven bande. 
There were three bande, those at 9.7» 10.9 a-nd 13.3/<» which 
were common to all three spectra, 
A mixture of the crystals melting at 80~82® and those 
(m.p, 79-81°) obtained by chlorination of phenoxathiin with 
sulfuryl chloride showed no depression in melting point. 
The infrared spectra of the samples were superimposable, 
leaving no doubt that only one compound was involved. 
There was much similarity in the infrared spectra of 
2- (m,p. 88-89°) and 3-chlorophenoxathiin (m.p, ca. 80°), as 
would be expected since both compounds contain 1,2,4-tri6ub-
stituted benzene ring syBtems, The most notable difference 
was the presence in the spectrum of the 2-derivative of 
allarp bands at 12,1 and 12,4yU, whereas the 3-derivative 
exhibited one band at The spectrum of the unknown 
material (m.p. 93-96 ) contained no band between 12,0 and 
12,9yu, 
Preparation of 2-bromophenoxathiin and 2.8-dibromophenoxathiin 
by direct bromination (attempted) 
The first run was carried out according to the procedure 
of Suter, McKenzie and Maxwell.These workers obtained 
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2-'bromophenoxathiln, m.p, 59-60°, and 2, B-dlbromophenoxathlln, 
m.p, 92-93°f yields of 83 and 75%t respectively by the 
direct bromination of phenoxathiin. All the bromination 
reactions were carried out before two unambiguous syntheses 
(see "Preparation of 2-bromoT>henoxathiin by the Sandmeyer 
reaction" and "Preparation of 2~br0ffi0Phen0xathiin'') revealed 
that 2-bromophenoxathiin melted at 90-91°» 
Run I. In a one-liter, three-necked flask fitted with 
a stirrer, a reflux condenser and a eeparatory funnel con­
taining 83-2 g, (0.52 mole) of bromine were placed 100 g, 
(0.50 mole) of phenoxathiin and 500 ml. of carbon tetra­
chloride, The bromine was added to the refluxing solution 
over a period of 2.5 hours. After the mixture was refluxed 
for 15 hours it was allowed to cool, treated with Norit-A 
and filtered. The volume of the mixture was reduced to 
approximately 100 ml. The residue solidified to give 135 g. 
of an oily product. 
A 10-g. sample of the product was recrystallized from 
approximately 500 ml, of methanol. A total of 7.1 g. of 
white solid was obtained from three batches, each of which 
had an approximate melting range of 64-75*^. The material 
was recrystallized from ca. ^00 ml. of methanol to yield 
5.2 g. of amorphous, white solid, melting range 66-76°. 
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An attempt wae made to purify the material by distilla­
tion of a 10-g. sample which had been crystallized from 
methanol. The only distillate was 2.2 g. of white product, 
melting range 75-80°, which was collected at 180°/0,08 mm. 
After two recryetallizatione from methanol there wae ob­
tained a email amount of needles melting over the range 
78-83°. 
Run II. In this experiment a solution of bromine in 
carbon tetrachloride was added to the refluxing, stirred 
solution of phenoxathiin. The mixture was worked up ae be­
fore, Successive re crystallizations from methanol gave 
white, amorphous solids having melting ranges of 56-66°, 
63-69° and 69-78°. Following a recrystallization from 
methanol-benzene (10:1) there was obtained a small amount 
of white solid melting over the range 95-113°• 
Run III. A solution of bromine in carbon tetrachloride 
was added to a refluxing, stirred solution of phenoxathiin 
in carbon tetrachloride. The product distilled at 122-123°/ 
0.014 mm. The distillate, a white, oily solid, was recrys-
tallized from methanol-benzene (10:1) to yield white solid 
which melted over the range 51-66°, Following chromatography 
of a petroleum ether (b,p, 60-70°) solution of the distillate 
there were collected fractions of white solid having melting 
ranges of 49-56°, 63-76° and 67-88°. The melting ranges were 
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not narroved significantly by eubeequent recrystallizations 
from fflethanol. 
Run IV. In this run a carbon tetrachloride solution 
of tvro molar equivalents of bromine was added to a refluxing, 
stirred solution of phenoxathlin in carbon tetrachloride. 
The crude product, which melted over the range 80-100®, was 
recrystalllzed from methanol-isopropyl alcohol to yield 
white solid, melting range 119-126°. Further purification 
was not achieved by chromatography or by recrystallization, 
When a sample of the crude product was recrystalllzed from 
benzene, vacuum distilled and recrystalllzed from methanol, 
there was obtained a white solid melting over the range 
115-122®. No pure product was obtained. 
Run V. This and the following run were carried out in 
an attempt to determine whether the presence of water had 
an effect on the reaction. 
A solution of bromine in 93% aqueous acetic acid was 
added to a warm, stirred solution of phenoxathlin in glacial 
acetic acid. Upon completion of the reaction the mixture 
was poured into an ice-water mixture. A sample of the prod­
uct wae recryetalllzed from methanol, vacuum-dietilled, 
recrystalllzed from ethanol-water and petroleum ether (b.p. 
60-70°). There were Isolated white solids melting over the 
ranges 50-62° and 79-8^°. Subsequent recrystallizations of 
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the higher-melting fraction raised the melting range to 
81,5-85.5^- No pure product was isolated. 
Run VI, In a 500-rol«» three-necked flask fitted with 
a stirrer, a reflux condenser and a graduated separatory 
funnel containing 50 nl. of dry pentane was placed a solu­
tion of ^0,0 g, (0,20 mole) of phenoxathlln in 100 ml, of 
dry pentane. Approximately 3^ g» of bromine was dietllled 
from phosphorus pentoxide Into the separatory funnel. The 
bromine solution was added to the refluxlng mixture over a 
period of 2 hours, A red-brown solid formed during the addi­
tion, The solid, believed to be the thlonium bromide, was 
not observed in any of the previous bromination reactions. 
Dissolution of the solid occurred after a 12-hour reflux 
period. After 40 hours of refluxlng the pale orange solu­
tion had ceased to evolve a significant amount of hydrogen 
bromide. Precautions were taken to avoid moisture during 
the distillation of 250 ml, of the solvent from the reaction 
flask. The residue wag transferred to a distillation flask 
from which the product was distilled at 1,0 mm. There were 
collected 7,1 g, of first fraction, boiling range 100-135° 
and 16,4 g,, boiling point 135-136°, After collection of 
the second fraction the difitillatlon ceased even though the 
bath temperature was Increased to 250°, 
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No pure product vae Isolated when the two fractions 
were recrystallized from methanol or from mixtures of metha­
nol and petroleum ether (b.p. 60-70°)* The residue which 
did not distill was recrystallized from methanol to yield 
6.1 g. of white solid, melting range 74-99°. From the mother 
liquor there was obtained 3.1 g. of white material, melting 
range 64-73°. 
The percentages of sulfur found t^y analysis of the 
Bamples melting at 74-99*^ and 64-73° were 9.59 and 9.92, 
respectively. The calculated percentages of sulfur in bromo-
and dibromophenoxathiin are 11.48 and 8.95, respectively. 
The analytical data Indicate that the mixture probably con­
tained a considerable amount of dibromophenoxathiin. If 
this were the case it is likely that a significant quantity 
of unreacted phenoxathiin was also present in the crude 
mixture. 
Preparation of 2-bromophenoxathiin-lO-dioxide by bromination 
of phenoxathiin-lO-dioxide (attempted) 
To a stirred, refluxing solution of 11.6 g. (0.05 oole) 
of phenoxathiin-10-dioxide in 50 ml. of glacial acetic acid 
was added a solution of 9.3 g. (0.06 mole) of bromine in 50 
ml, of glacial acetic acid. After 3 hours of refluxing, at 
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which tlrce the eolution was pale red in color, the initial 
evolution of hydrogen bromide vas obeerved. An additional 
2~g. portion of bromine wee added to the mixture. After 18 
hours of refluxing the dark-colored solution was concentrated 
by dlBtillation of 65 ml. of the solvent. Norlt-A was added 
to the solution in the reaction flaek and, after the warm 
mixture was stirred, it vae filtered. The filtrate was 
cooled and there was collected 8.3 g. (71*5^ recovery) of 
starting material, m.p. and mixed m.p. with an authentic 
sample of phenoxathiin-lO-dloxide 1^7-1^8.The mother 
liquor was concentrated and, after the addition of water, 
there was obtained 2,3 g. of phenoxathlln-lO-dioxlde, m.p. 
o 
and mixed m.p, 1^7-1^8 . The total recovery of starting 
material was 91,3^* 
Preparation of 2~lodophenoxathiin-10-dloxide by lodlnatlon 
of phenoxathiin-lO-dloxide 
To a stirred mixture consisting of 23.2 g. (0.10 mole) 
of phenoxathiin-10-dioxlde, 25.^ g. (0,10 mole) of iodine 
and 125 ml, of chloroform was added slowly 7.0 ail. of con­
centrated nitric acid. After 18 hours of refluxlng another 
7,0-ml, portion of nitric acid was added and the mixture was 
refluxed for an additional 20-hour period. The reaction 
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flaek was cooled in an Ice-bath end the chloroform solution 
was decanted from the large amount of crystalline Iodine. 
The chloroform solution was washed successively with 5% 
sodium hydroxide solution, 5^ sodium bisulfite solution and 
with water and dried. The solvent was distilled and there 
was collected 27.1 g. of yellow solid melting over the range 
o 
I2O-I50 . The product was recryetalllzed (with Norlt-A 
treatment) from a mixture of ethyl acetate and acetic acid 
to yield 12.3 g. of white solid, melting range 150-165°. 
After three recrystaliitations from ethyl acetate- acetic 
acid there was Isolated 4.3 g. {12,0%) of 2-lodophenoxathiln--
10-dioxlde, m.p, 171-172®. A mixed melting point with a 
sample of 2-lodophenoxathiln-lO-dioxlde which was prepared 
from 2-aminophenoxathlln-lO-dioxlde was not depressed. 
Anal. Calcd. for 012^710^8: I, 35*^^1 S» 8.95* Found: 
I, 35.59. 35.32; S, 9.17, 9.02. 
Oxidation Reactions 
Preparation of phenoxathlln-10-oxlde by oxidation of phenoxa-
thlln in ethanol with hydrogen peroxide (attempted) 
Q-ilman and Esmay^^ prepared phenoxathlln-10-oxlde in 
yields of 96 and 98^ b^ oxidation of phenoxathiln in ethanol 
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with hydrogen peroxide. ThoiJgh the preparation vae success­
fully repeated on the 0.05-mole scale described in the 
literature, the reaction yielded no pure product in an 
attempt on a 0.60-niole scale.The second attempt is 
described below. 
To a stirred, refluxing solution of 80.0 g. (0.40 mole) 
of phenoxathiin in 1500 ml. of absolute ethanol was added 
dropwiee 2^0 ml. (2.48 moles) of 30^1^ aqueous hydrogen per­
oxide over a period of 1 hour. After 4 hours of refluxing 
an additional 160 ml.-portion of the peroxide was added orer 
a period of 1 hour. The reaction mixture was refluxed for 
16 hours, concentrated to 500 ml, and diluted to turbidity 
with hot water. Following filtration and drying, the materi­
al weighed 84.0 g. and melted over the range 110-132°. Re-
crystallization from benzene yielded 38.8 g. (^I.SJS) of 
slightly impure phenoxathiin-lo-dioxide, m.p. 143-14?®, 
mixed m.p. 146-148°. The mother liquor yielded 3^*0 g» of 
material melting over the range 110-135°. 
Preparation of phenoxathiin-lO-oxide by oxidation of 
phenoxathiin with dilute nitric acid 
To a stirred, refluxing solution of 200 g. (1.0 mole) 
B. Hughes, Unpublished Studies. 
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of phenoxathiln in 2400 ml. of glacial acetic was added 
325 ml. (2.0 moles) of dilute nitric acid (bo. gr. 1.2) over 
a period of 4 hours. The solution was refluxed for an addi­
tional hour and poured into 8 liters of an Ice-water mixture. 
The white solid was collected by filtration, washed with 
cold water and dried. There was obtained 205 g. (9^,8^) of 
phenoxathiin-lO-oxlde, m,p, 156-156.5*^* ^ mixed melting 
point with an authentic sample of phenoxathlln-10-oxlde was 
not depressed. 
^ 9 3 %  y i e l d  w a s  o b t a i n e d  i n  a  p r e p a r a t i o n  e m p l o y i n g  
0,20 mole of phenoxathlln in 600 ml, of glacial acetic add. 
Sodium hypochlorite oxidation of 2.8-dlaoetylT)henoxathiln 
to 2.8-T)henoxathllndloar'boxyllo acid 10-dloxlde 
The reaction was carried out under the conditions em­
ployed by Suter, McKenzie and Maxwell^^ and by Irie^^ for 
the oxidation of 2-acetylphenoxathlln and by Tomlta®^ for 
the oxidation of 2»8-dlacetylphenoxathlln (m,p. 175°)• 
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There was on hand a Bsmpl® of the product, 2-phenoxathiln-
carboxylic acid (m.p, reported 259-260^), which Suter and 
coworkers had obtained from the reaction. The compound 
melted over the range 265-274° and gave an infrared spectrum 
containing a band at 8,6>m , characteristic of the sulfone 
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group. Also available a sample^^^ of 2-phenoxathiin-
carboxylio scld (m.p. reported 260-262°) which the same 
workere^  ^had prepared frora the Grlgnard reagent of 2-
bromophenoxathlln (m.p, 59-60°). The material melted over 
the range 188-260° and gave a poor infrared epectrum. 
In a one-liter, three-necked flask fitted vith a stirrer, 
a reflux condenser and a stopper were placed a suspension of 
5.00 g. (0,018 mole) of 2,8-diacetylphenoxathiin (m.p. 186-
187°, see "Friedel-Crafts acetylation of phenoxathiin") in 
200 ml, of 1 N sodium hydroxide solution and 25 g. of bleach­
ing powder (High Test Hypochlorite), The stirred mixture 
was heated by a water bath for 5 hours. Considerable foaming 
of the mixture occurred during this period. After the hot 
reaction mixture was filtered, the solid was washed with hot 
water and the filtrates were combined. Acidification of the 
cold filtrate yielded a negligible amount of acid which was 
discarded. The insoluble solid from the filter paper was 
dried and extracted with benzene in a Soxhlet extractor. 
Concentration of the benzene extract yielded 0,44 g. {8,8%) 
of 2,8-diacetylphenoxathiln, m.p, and mixed m.p. 185-187°» 
Subsequent to the evaporation of the benzene from the 
calcium salt mixture, the solid was stirred with dilute 
hydrochloric acid. The resulting impure acid was collected, 
digested with 150 ml. of 2% sodium tiydroxide solution and 
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the mixture was filtered while hot. Upon acidification of 
the cool filtrate there was obtained 4,70 g, (83.3/^) ot 
product melting over the range 384-387°> with decomposition. 
The acid was recryetalllzed from a large volume of 50% 
ethanol to yield 3»87 g. (68,75^) of 2,8-phenoxathlindlcarb-
o 
oxyllc acid 10-dioxlde, m.p, 392-39^ » with decompoeition, 
(Tomita^^ reported the melting point ae over 300°,) 
Anal. Calcd. for S, 10,01; neut, equiv,, 
160, Found: S, 10,07, 10,01; neut, equiv,, 156,5, 157« 
Prei^aretion of l»T?henoxathiincarboxylio acid 10-oxide 
To a yellow, refluxing solution of 2,44 g, (0,01 mole) 
of 1-phenoxathiincarboxylic acid (m,p. 223-224®) in 50 ml, 
of absolute ethanol was added dropwiee 6 ml, (0,06 mole) of 
30^ aqueous hydrogen peroxide. After 3 hours of refluxing 
an additional 4 ml, of the peroxide was added and the mixture 
was refluxed for a period of 9 hours. The solvent was dis­
tilled until the volume of the residue was 15 ml, and the 
solution allowed to cool. The white crystals of 1-
phenoxathiincarboxylic acid lO-oxlde weighed 2.38 g. (91.5^) 
and melted at 262*^1 with decomposition. A mixture of this 
material and a sample of the acid obtained by metalatlon of 
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phenoxathiln-10-oxid.e with 2,2'-dillthlo<iiphenyl ether melted 
at 262°, with deooiiipoBition, 
Anal. Calcd, for : S, 12.32; neut. equiv. 260. 
Found: S, 12.20, 12.24; neut. equiv., 260, 262. 
Preparation of 4~phenox&thilncarboxylio acid lO-oxide 
When the hydrogen peroxide oxidation of 4-phenoxathiin-
oarboxylic acid in glacial acetic acid was first carried 
out^^, there was obtained a product, m.p. 183-184® and neut. 
equiv. 261, designated as 4-phenoxathllncarboxyllc acid 10-
dioxlde. The reported calculated value of 256 for the 
neutralization equivalent le obviously In error since this 
figure should be 276. The experimental neutralization 
equivalent agreed closely with the theoretical value of 260 
for 4-phenoxathlinoarboxyllc acid 10-oxide. In order to 
determine whether the material which melted at 183-184° was 
4-phenoxathllncarboxyllc acid 10-oxlde or an Imnure sample 
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of 4-phenoxathllncarboxyllc acid 10-dloxlde (m.p. 189-190° ), 
It was deemed advisable to prepare the former compound. 
Run I. To a yellow, refluxlng solution of 2.44 g. (O.Ol 
mole) of 4-.phenoxathiincarboxylic acid (m.p. 169-171°) in 50 
ml. of absolute ethanol was added dropwlse 6 ml. (O.O6 mole) 
of 30^ aqueous hydrogen peroxide. The solution was refluxed 
192 
for 3 hours and a 4-ml, portion of the peroxide wae added, 
After an additional 9-hour period of refluxing, the solution 
wae reduced in volume to 15 ml. and allowed to cool. Since 
no crystals separated, the solution wae concentrated and water 
wae added until the hot solution became turbid. Following 
crystallization there was collected 2,53 g* of white crystals 
which melted over the range 174-183°. Recrystallization 
froa hot water did not alter the melting rrnge. Upon re-
crystallization from benzene there was collected 1,9 g. of 
crystals, melting range 179-186®. The mixture was believed 
to consist of 4-.phenoxathilncarboxylic acid 10-oxide and 
10-dioxide. Further purification wae not attempted. 
Run II. To a yellow, refluxing, stirred solution of 
2,^4 g, (0,01 mole) of ^-phenoxathllncarboxylic acid (m,p, 
169-171°) In 25 ml. of glacial acetic acid was added dropwlse 
5 ml. (0.03 mole) of dilute nitric acid (sp. gr. 1,2), After 
2 hours of refluxing the solution wae poured into 80 ml, of 
an ice-water mixture, A finely divided white solid was col­
lected, washed with cold water and dried. The 2,1 g. of 
product melted over the renge 135-1^5°» "but the melting range 
was indefinite and dependent upon the temperature of the 
bath when the sample was inserted and upon the rate of 
heating. After the product was recrystallized from approxi­
mately 100 ml. of benzene there was collected 1.6 g. (61,5J^) 
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of ^-phenoxathllncarboxyllc acid 10-oxide, m.p. 171-173°. 
Following a recryBtalllzatlon from hot water the melting 
point of the crystals was again dependent upon the rate of 
heating of the bath. Samples melted imraedlately when placed 
in the bath at temperatures above 120®. After another re-
crystallization from benzene the white 4-phenoxathiincarb-
oxylic 10-oxlde melted sharply at 171-173°* peculiar 
behavior suggested thet the product contained water of 
crystallization when recrystallized from aqueous solvents. 
A mixture of the product and the starting material melted 
over the range 128-137°* 
Anal. Calcd. for : neut. equlv., 260. Found: 
neut. equiv., 261, 264. 
Preparation of 1.6-phenoxathiindicarboxylic acid 10-dioxide 
A mixture consisting of 2.88 g. (O.Ol mole) of 1,6-
phenoxathiindicarboxylic acid (m.p, ca. 350°» with decompo­
sition), 20 ml. of glacial acetic acid and 6 ml. (0.06 mole) 
of 30^ aqueous hydrogen peroxide was stirred at 106° for 1 
hour, during which time the mixture changed In color from 
yellow to white. A 40-ml. portion of glacial acetic acid 
was added in an unsuccessful attempt to dissolve the white 
solid. The mixture was stirred for an additional hour and 
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alloved to stand overnight. There was collected 2.8 g. of 
white solid melting over the range 351-35^°» with decompoei-
tion. Recrystallization from a large volume of methanol 
yielded 2.6 g. (80.5^) of fine, white needles of 1,6-phenoxa-
thiindicarboxylic acid 10-dioxide, m.p. 351-353°» with decom-
poeition, A mixture of the white needles and the dense, 
blunt, white crystals of 1,9-phenoxathlindicarboxylic acid 
10-dioxide {m.D, ca. 350°) melted over the range 324-33^°* 
Anal. Calcd. for S, 10.01; neut. equiv,, 
160. Found: S, 9.86, 9.91; neut, equiv., 158, 161. 
Preparation of 4.e-phenoxathiindicarboxylic acid 10~dioxide 
A mixture consisting of 2.88 g. (0.01 mole) of 4,6-
phenoxathiindicarboxylic acid (m.p. 266-26?°), 30 ml. of 
glacial acetic acid and 6 ml. (0.06 mole) of 3^% aqueous 
hydrogen peroxide was stirred at 106-108° for 2 hours. The 
suspension changed from yellow to colorless after 15 minutes 
of stirring. After the mixture had cooled, it was filtered. 
The product was washed with acetic acid and with petroleum 
ether (b.p. 60-70°). There was collected 3.03 g. of white 
needles, m.p. 327-330°, with decomposition. After one re-
crystallization from a large volvime of acetone-water there 
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wae obtained 2.63 g. (82.2^) of 4,6-phenoxathiindlcarboxylic 
10-dioxide, m.p. 329-331^» with decomposition. 
Anal. Calcd. for C^^^HgO^S: S, 10.01; neut. equiv., 
160. Found: S, 9*95, 9.9^; neut. equlT., 161, 161. 
Preparation of 2-bromophenoxathiin~10-dioxide by oxidation 
of crude 2->bromophenoxathiin 
A mixture conBisting of 27.9 g. (0.10 mole) of crude 
2-bromophenoxathlin (melting range 63-72®), 85 ml. of glacial 
acetic acid and 62 ml. (0.60 mole) of 30% aqueoue hydrogen 
peroxide wae heated at the reflux temperature for 1 hour and 
allowed to stand overnight. Subsequent to filtration and 
drying there wae obtained 29.3 g* of white solid, melting 
range lii'7-160®. The solid wae re crystallized from methyl 
ethyl ketone to yield 20.0 g., melting range 152-165° and 
3.2 g., melting range 130-155°, When the 20.0 g. of white 
solid wae digested with refluxing ieopropyl alcohol there 
remained 3-5 g. which did not diseolve. The material which 
was insoluble in isopropyl alcohol was repeatedly recryetal-
lized from glacial acetic acid. The weights and melting 
points of the product after successive re crystallizations 
were: 3.3 g., 173-177°; 2.7 g., 175-177.5° and 2.4 g., 
175.5-178°. After a recrystallization from ethanol there 
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was obtained 2.1 g, of 2-broraophenoxathiln-lO-dloxlde, m.p. 
176.5-178®. A mixed melting point with a sample of 2-bromo-
phenoxathlln-LO-dloxlde which wae prepared from 2-amlnophen-
oxathlln-lO-dloxlde was not depressed. 
The material which was soluble in leopropyl alcohol 
cryetalllied when the solution was cooled. Fractions with 
melting ranges of 147-157° and 165-170° were collected. 
There was little change in the melting range of the lower-
melting fraction subsequent to another recrystallization from 
isopropyl alcohol. Attempts were made to obtain pure material 
by chromatography followed by recrystallization from glacial 
acetic acid. Small amounts of fractions which melted over 
the ranges 186-206® and 166-172° were separated. However, 
subsequent recrystallizations did not alter the melting range. 
Preparation of 4-bromophenoxathlin-lO-dioxlde by oxidation 
of crude 4-bromophenoxathiin 
From the reaction of bromine with the metalatlon prod­
ucts which had been produced by treating phenoxathiln with 
one equivalent of n-butyllithlum there resulted a liquid, 
boiling range 123-1^7° at 0,005 mm. Attempts to purify the 
material by crystallization were unsuccessful. Due to the 
fact that considerable dlmetalatlon of phenoxathiln occurs 
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when one equivalent of n-butyllithlum 1B employed ae the 
metalatlng agent, the above crude product probably consisted 
of ^ -bromophenoxathlin and dlbromophenoxathilns. It was be­
lieved that the lO-dloxides could be crystallized and 
separated. 
To a stirred, refluxlng solution of 11.2 g. (0,04 mole) 
of the crude 4-bromophenoxathiin in 35 rol- of glacial acetic 
acid was added 31 ml. of a 30% aqueous solution (0,30 mole) 
of hydrogen peroxide. The mixture was stirred at the reflux 
temperature for 80 minutes and allowed to cool. Following 
crystallization there was collected 8.6 g. of wMte solid 
which melted over the range 136-1^4®. The product was re-
crystallized from ethanol to yield 6.3 g» of white solid, 
m.p. 147-I50 . During the second recrystalliration from 
ethanol the flask was broken and approximately one-half the 
product was lost. There was collected 2.3 g. of white crys­
tals, m.p. 153-155°! which, upon recrystallization, yielded 
1.4 g. (11.3^) of pure 4-bromophenoxathiin-lO-dioxide, m.p. 
157.5-158°. A subsequent recrystallization did not alter 
the melting point. The infrared spectrum of the product was 
almost euperimposable on the BI:>ectrum of an authentic speci-
men of 4-chlorophenoxathiin-lO-dioxide.^ The most signifi­
cant absorption bands were those at 8.65» 12.90 and 13.15/* » 
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characteristic of the sulfone group, 1,2,3-trlsubBtltuted 
and 1,2-diBubBtltuted benzene rings, respectively. 
Anal. Calcd. for 10*30* Found; S, 
10.37, 10.39. 
Cleavage Reactions 
Hydrogenolyele of 1.9-phenoxathllndloarboxyllc acid 10-
dloxlde 
Run I. In a one-liter, three-necked flask fitted with 
a stirrer, a reflux condenser and & thermometer were placed 
oh, 
25-30 g. of Raney nickel and a solution of 2.0 g. (0.006 
mole) of 1,9-phenoxathllndlcerboxyllc acid 10-dioxlde (m.p. 
350-352°, with decompoeltlon) in 600 ml. of 0.5^ sodium 
carbonate. The stirred mixture was heated at 75-85° for 45 
minutes and allowed to cool. The nickel was removed by 
filtration, washed with four 50-®l« portions of 0.5^ sodium 
carbonate solution and with two 50-nil* portions of water. 
The filtrate was acidified to pH 7 and filtered through Cellte 
to remove aluminum hydroxide. After the filtrate had been 
concentrated to 30 ml., it was acidified to pH 2 and there 
was collected 0.9 g. of white solid melting over the range 
100-240®. Concentration of the aqueous filtrate produced 
199 
0,6 g. of white aclcL melting over the range 184-2^5°. fhe 
combined material was digested with hot benzene and the 
mixture was filtered. From the benzene extract there was 
obtained 0,35 g. of benzoic acid, m.p. and mixed m,p, 120-
o 
122 , The benzene-insoluble fraction weighed 1.0 g. and 
melted over the range 180-235°* Upon recrystallization from 
acetone-water there were obtained two fractions of white 
solid: 0.4 g,, m.p. 247-249° and 0.4 g., melting range 194-
260®. A portion of the second fraction was soluble in hot 
water and was recrystallized from this solvent to yield & 
material melting over the range 196-252°. fhe part which 
was insoluble in water was recrystallized from acetone-water 
to yield crystals which melted over the range 310-325®• The 
latter material was probably impure starting acid. 
The 0.4 g, of material melting at 247-249® represented 
a yield of 3,3*-dicwrboxydiphenyl ether, A mixture of 
this product and an authentic specimen^^^ of 3i3'-dicarboxy-
dlphenyl ether (m.p, reported^^^ 243-245®, found 247-251®) 
melted at 247-250®. The infrared spectra of the two samples 
are superimposable. 
Run II, In a one-liter, three-necked flask fitted with 
a stirrer, a reflux condenser and a thermometer was placed 
1 Ol 
M. Tomita, Jj. Pharm, Soc. Japan. 57. 391 (in German, 
76) (1937) C Ai, 21, 2117 TW9")!r 
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a solution of 3»20 g, (0,01 mole) of 1,9-phenoxatlillndl-
oarboxylic acid lO-dloxide in 750 ml. of 0,S% sodium car­
bonate solution. The solution was heated to 70° and 
approximately ^ 0 g, of freshly prepared Raney nickel cata­
lyst was added. Aleo added was the amount of ethanol 
necessary to effect the transfer of the catalyet to the 
reaction flask. The mixture was stirred at 75® for 30 min­
utes and cooled. The nickel was removed by filtration, 
washed with four 50-ml. portions of 0.5^ sodium carbonate 
solution and two 50-ffil. portions of water. The filtrate 
was acidified to pH 7 and the aluminum hydroxide was sepa­
rated by filtration. After the filtrate had been concen­
trated to approxiraately 200 ml, and acidified to pH 1-2, 
there was collected 2,03 g. of white product melting over 
the range 103-237°* Further concentration of the mother 
liquor yielded 0.34 g,, melting range 108-289®. 
The larger fraction was digested with hot water and the 
hot suspeni^ion was filtered. The material which had dis­
solved waE believed to be a mixture of benzoic acid and m-
hydroxybenzoic acid. Collected from the filter paper was 
o 
0,72 g, of crude product, in.p, 244-2^7 » which was recrys-
tallized from acetone-water to yield 0.56 g. of white 
crystals, m.p. 2^7-2^9®. A subsequent recrystallization 
yielded O.43 g. (16.7,^) of 3i3'-dicarboxydlphenyl ether, 
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m.p. 24^9-250°* The infrared Bpectrum of this sample was 
identical with that of the product obtained in the preceding 
run. 
The low yield, of the desired acid was due to the diffi­
culty in separating this material from a mixture which prob­
ably consisted of 1,9-phenoxathlindicarboxylic acid 10-
dioxlde, 3,3'-dicarboxydiphenyl ether and m-hydroxybenzoic 
acid» The last acid was believed to have accompanied benzoic 
acid as an ether-cleavage product since a purple color was 
obtained when a sample of the crude mixture was teeted with 
ferric chloride. 
Hydrogenolysis of ^.6-r>henoxathiindicarboxylic acid 
Run I. This reaction v/ae carried out according to the 
8 
procedure employed by Mozingo and coworkers for the cleavage 
of diphenyl sulfide and by Shirley and Lehto^^ for the 
cleavage of 1-phenoxathiincarboxylic aoid ID-dioxide. 
In a 250-ml., three-necked flask fitted with a stirrer, 
a reflux condenser and a stopper were placed 2.0 g, (O.OO7 
mole) of ^,6-phenoxathiindicarboxylic aoid (m.p. 266-267°), 
25-30 g» of Raney nickel and I50 ml. of 75% ethanol. The 
mixture was stirred at the reflux temperature for 18 hours 
and allowed to cool. Following removal of the nickel by 
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filtration, the solution wae concentrated to 20 ml,, made 
alkaline, filtered and concentrated to a volume of 10 ml. 
No acid separated upon acidification. 
The Raney nickel was then extracted several times with 
dilute sodium hydroxide solution and with ethanol-water mix­
tures, Following concentration, filtration and acidification 
of these extracts there was obtained 0,5 g, of white solid, 
melting range 208-214® and 0,2 g,, melting range 214-219°. 
The first batch was recrystallized from ethanol-water to 
yield 0,25 g. of white crystals, melting range 214-222® and 
0,15 » melting range 208-212®, Due to the small amount 
and the state of purity of the mixture, no further attempts 
were made to isolate a pure product. 
Run II. In a one-liter, three-necked flask fitted with 
a stirrer, a reflux condenser and a thermometer was placed 
25-30 g. of Raney nickel catalyst. The ethanol accompanying 
the nickel was washed out of the flask by decantation with 
two 100-ml, portions of 0,S% sodium carbonate solution. A 
solution of 2.0 g. (0,007 mole) of 4,6-phenoxathiindicarb-
oxylic acid (m.p, 266-267°) in 600 ml. of 0,5% sodium 
carbonate was added to the flask and the stirred mixture 
was heated to 75° over a period of 45 minutes. After an 
additional 30-®l'V-j:t;e period at 75° the mixture was cooled. 
The nickel vae removed by filtration, washed with 300 ml. 
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Of 0,5^ eodium carbonete solution and with 150 ml. of water. 
The filtrate was acidified to pH 7» filtered through Cellte, 
concentrated to I30 ml. and acidified to pH 1-2. There was 
collected I.05 g. of white acid melting over the range 109-
140°, The mother liquor was made alkaline, concentrated to 
^0 ml. and acidified to yield 0.^5 g« of white product 
melting over the range 109-230®. 
A small amount of the solid melting over the range IO9-
140° was tested for the presence of a phenol. Upon the addi­
tion of a solution of ferric chloride to the sample there 
resulted a purple color which was of the same hue as that 
given by a salicylic acid blank. Authentic samples of ben­
zoic acid and 2,2'-dicarboxydiphenyl ether gave negative 
ferric chloride teste. It was believed that the reaction 
mixture contained benzoic acid, eallcylic acid and 2,2'-
dicarboxydiphenyl ether, the first two acids having been 
produced by cleavage of the diphenyl ether linkage. 
The 1,5 g. of white solid, believed to be a mixture of 
three acids, was subjected to vacuum sublimation. The process 
was carried out over a temperature range of 100-120® at 0.01 
mm. The sublimate weighed 1.12 g. and melted over the range 
o 
112-129 • The residue, which weighed 0.35 g. and melted 
over the range 219-223*^, was recryBtallized from water to 
yield 0.28 g., melting range 224-228®. After a 
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recrystalllzatlon from a mixture of benzene and methyl ethyl 
ketone there was obtained 0.20 g. (11,2^) of 2,2*-dicarboxy-
dlphenyl ether, m.p. and mixed m.p, 227-229®. The Infrared 
spectrum of the product wee; Identical with that of an 
authentic eample of 2,2'-dioarboxydiphenyl ether, 
Hydrogenolysis of 1.6-phenoxftthilndicarboxylio acid 
Into a one-liter, three-necked flask fitted vlth a 
stirrer, a reflux condenser and a thermometer was placed a 
solution of 2.88 g. (0,01 mole) of the yellow 1,6-phenoxa-
thiindicarboxylic acid (m.p, 3^7-350°» with decomposition) 
in 750 ml. of 0.5^ sodium carbonate. The solution was 
o 
warmed to 70 and there were added 30-35 g. of Raney nickel 
and the accompanying ethanol which was used in the transfer 
of the catalyet to the flask. The mixture was stirred at 
70® for 30 minutes and then filtered. After the nickel had 
been washed with four 50-ml. portions of 0.5^ sodium car­
bonate solution and with three 50-ml, ortions of water, 
the aluminum hydroxide was precipitated and removed by 
filtration. Upon acidification of the filtrate there was 
obtained 1.40 g, of white solid melting over the range 218-
229®. ^he mother liquor was extracted with three 75-rol. 
portions of ether. Concentration of the ethereal extract 
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yielded 1,05 g. of pale yellow solid. The material was 
subjected to vacuum sublimation and there wae obtained a 
white eublluiate melting over the range 108-112°, The yellow 
color and the high melting range of the residue indicated 
that It was principally unreacted starting material. 
The 1.40 g, of white solid melting over the range 218-
229° recryetalllzed from acetone-water to yield 1,10 g, 
of white crystals, melting range 220-226°, with softening 
at 217°. crystals were dissolved in hot acetone-benzene 
and the mixture was filtered and allowed to cool. The first 
fraction, a very small amount, melted over the range 240-
300°, When the mother liquor was progressively concentrated, 
allowed to cool and filtered there were collected 0,38 g., 
melting range 220-228° and 0,32 g,, m,p. 219-220°, When the 
first fraction was recrystallized from ethanol-water there 
was obtained 0,22 g. of white solid, melting range 220-228°, 
with most of the sample melting at 220-221°, Recrystalliza­
tion of the second fraction from ethanol-water yielded 0,24 
o 
g, of 2,3*-dloarboxydiphenyl ether, m,p, 220-221 , The 
melting points reported for 2,3'-dicarboxydlDhenyl ether are 
202°^^^ and 215°^^^« A mixture of the product anc an au­
thentic specimen^^5 of 2,3'-dicarboxydiphenyl ether {m,p. 
Anschutz, VI. Stoltenhoff and F. Voeller, Ber.. 
58B. 1736 (1925). 
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found 205-210®) melted over the range 208-215°. The Infra­
red epectra of the two samples are superlmpOBable. 
Cleavage of phenoxathlln by lithium, followed by hydrolyele 
A stirred mixture consisting of 20,0 g. (0.10 mole) of 
phenoxathlln, 1.53 g. (0.22 g. atom) of finely cut lithium 
wire and 350 ml. of ether was heated at the reflux tempera­
ture for 16 hours. The pale pink suspension gave a positive 
Color Test I. The mixture was filtered through a tube filled 
with glass wool and the filtered suspension was run into a 
beaker of cold water. Following separation of the layers, 
the ether layer was extracted with three 100-ml. portions 
of dilute sodlian hydroxide solution. The dissolved ether 
was expelled from the cloudy, aqueous solution which was 
subsequently stirred with Norit-A and filtered. Following 
acidification of the cloudy filtrate there wae collected 
16.3 g. of white solid, m.p. 6^-67°. The product was re-
crystallized once from petroleum ether (b.p. 60-70®) and 
twice from methanol to yield 12.5 g» (61.9J^) of 2-thloldl-
phenyl ether, m.p. 67.5-68.5°. (The product obtained by 
the cleavage of phenoxathlln with sodium in liquid ammonia 
was reported to melt at 65-67°*^^) A mixed melting point 
with a sample of 2-thioldlphenyl ether, one which had been 
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prepared by the reaction of sulfur with 2-llthlo<iiphenyl 
ether, was not depreseed. 
Preparation of a-thloldlphenvl ether by the reaction of 
sulfur vlth 2-llthlodlphenyl ether 
To a etlrred solution of 3^.0 g. (0.20 mole) of dlphenyl 
ether in 300 ml. of ether was added 15^ ral» of a 1.36 H 
solution (0.21 mole) of n-butylllthlum. After a 48-hour 
reflux period Color Test II was faintly positive, 
To the cool, stirred solution of 2-lithlodlphenyl ether 
was added slowly 6.56 g. (0.20 g. atom) of powdered sulfur. 
Following the addition Color Test I was negative. To the 
stirred, white euepension was added 300 ml. of water. The 
layers were separated and the ether layer wae extracted with 
100 ml. of water. The dissolved ether wae expelled from the 
aqueous solution by employing reduced pressure from a water 
aspirator. Subsequent to treatment with Norit-A, filtration 
and acidification there was collected 30.1 g. of vacuum-dried, 
white solid, m.p. 62-65®. After two recrystalllzations from 
petroleum ether (b.p. 60-70®) and two recrystalllzations from 
methanol, there was obtained 16.8 g. (^0.5^) of 2-thloldl-
phenyl ether, m.p. 67.5-68.5®• 
Anal. Calcd. for C;|l2%0®^ • ^5.85. Found: S, 15.80, 
15.90. 
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Qt t)XS"( ^ -p^ey^pxyphegyp-
dleulflde 
In a 250-ml., thres-neoked flask fitted with a stirrer, 
a reflux condenser and a eeparatory funnel containing 2.92 g. 
(O.Ql mole) of iodine and a small amount of potassium iodid® 
in 115 ml. of absolute ethanol was placed a solution of 
4,0^ g, (0,02 mole) of 2-thioldlphenyl ether in 50. ml. of 
absolute ethanol. The stirred mixture was warmed and the 
iodine solution was added over a period of 2 hours. After a 
1-hour period of refluxlng the iodine color was removed by 
the addition of sodium bisulfite. The reaction roixture was 
stirred with Norlt-A, filtered, concentrated to iialf the 
original volume and filtered to remove inorganic salts. After 
several hours there formed 3.0? g. of colorless crystals, m.p. 
7^.5-75.5®. One recryetalliration from absolute ethanol 
yielded 2,90 g. (72,2^) of blB-(2-phenoxyphenyl)dleulfide, 
m.p, 75-76®. 
•ftnal. Calcd. for 15*93« Found; S, 
15.85. 15.87. 
There was very little difference in the infrared spectra 
of 2-thioldiphenyl ether and its disulfide, with the exception 
of the presence in the spectrum of the former compound of a 
weak band at 3,9m which may be characteristic of the thiol 
group. 
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Preparation of 2--phenoxyphenylmercaptoacetlo acid from 
2--thloldlt)henyl ether and chloroacetlc acid 
A mixture conalstlng of 6.06 g. (0,030 mole) of 2-thlol-
dlphenyl ether, 2,8^ g. (0,030 mole) of chloroacetlc acid 
and a solution of 2,80 g. (0,07 mole) of sodium hydroxide in 
75 ®1* ot water was etlrred at the reflux temperature for k 
hours, A nitrogen atmosphere was maintained above the mix­
ture to prevent oxidation of the thiol to the disulfide, 
After the mixture was concentrated by distillation of 60 ml. 
of the water, it was heated for an additional 6-hour ceriod. 
The reaction mixture was dissolved in 125 ml. of water, 
the solution was filtered and the filtrate was extracted with 
two 50-ml. portions of ether. Following removal of the dis­
solved ether, the salt solution was acidified to yield 7.15 g» 
of %'hite solid melting over the range 120-124®. An attempt 
to purify the product by recrystallization from petroleum 
ether (b.p. 78-115°) resulted in the loss of 2.1 g. of the 
product. No change in the melting range was effected. After 
a digestion with hot water, the residue was dissolved in 5^ 
sodium carbonate solution, the solution was treated with 
Norit-A, filtered and acidified. There was collected g» 
of white crystals, m.p. 125.5-126.5®* The process was re­
peated to yield 3,2 g. (^0.2^) of 2-phenoxyphenylmercapto-
acetic acid, m.p, 126.5-127®• 
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Anal. Calcd. for 12.32; neut, equlv,, 
260, Found: S, 12.38, 12.32; neut, equiv., 260. 5 ,  260. 
Cleavage of phenoxathlln by lithium, followed by carbonation 
In a 500-ffll.» three-neoked flask fitted with a stirrer, 
a reflux condenser and two nitrogen inlet tubes were placed 
2.5 g. (0.36 g. atom) of finely cut lithium wire and a solu­
tion of 30.0 g, (0.15 mole) of phenoxathlln in 350 ml. of 
ether. After a 20-hour reflux period the suspension was 
filtered through glass wool into a stirred slurry of ether 
and Dry Ice. 
When the carbonation mixture had warmed to room tempera­
ture water was added and the mixture was filtered to remove 
a small amount of resinous material. The layers were sepa­
rated and the ether layer was extracted with two portions 
of 1^ sodium hydroxide solution. The aqueous layer was 
washed with ether. 
By the apr)lication of water aspirator vacuum the dis­
solved ether was expelled from the aqueoue solution. The 
latter was clarified by treatment with Norit-A, followed by 
filtration. Carbon dioxide was bubbled into the alkaline 
salt solution, but no phenolic material separated. The clear 
solution was acidified with hydrochloric acid and there was 
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collected 10.2 g. of -white solid melting over the range 13^~ 
17^®. During the course of attempts to separate the compo­
nents of the mixture by crystallization from methanol, 
extraction with netroleum ether (b.p. 6O-7O®) and digestion 
with benzene, much of the product was lost. It was found 
that the lower-melting acid was soluble in benzene and that 
the other acid could be retained as a residue upon filtration 
of the hot benzene digestion mixture. By concentration of 
the benzene solution there was obtained 6.2 g. of solid, 
melting range 128-1^2®, which was recryetalllzed from 
methanol-water to yield 4.3 g. of crystals melting over the 
range 138-142*^. Upon recrystallization from benzene there 
was obtained 3«0 g* (S.IJ^) of 2-carboxy-2'-thloldlphenyl 
ether, m.p. 142-143°» 
Anal. Calcd. for 023^10^3'^• 13*02; neut. equiv., 
123. Found: S, 13.O8, 12.97; neut. equiv., I30, 130-
The assignment of the value of 123 for the theoretical 
neutralization equivalent is based upon the assumption that 
the thiol group is sufficiently acidic to be titrated with 
sodium hydroxide using phenolphthalein as the indicator. It 
may be that oxidation occurs during the titration and that 
some of the thiol groups are "tied up" as the disulfide. 
The fraction of crude acid which was insoluble in ben­
zene melted at 229-231°. After two recrystallizations fro® 
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methanol there was obtained 1.1 g. of crystals melting at 
235-235.5^. The compound le believed to be the disulfide 
of 2-carboxy-2'-thloldlphenyl ether. 
Anal. Calcd, for C2g%8®6'^2' ^3*07; neut. equlv., 
2^5. Found: S, 13,17, 13.24; neut, equlv., 242, 2^3, 
The Infrared spectra of the two acids from the reaction 
mixture were almost Identical, This was evidence that the 
two acids bear the thiol-disulfide relationship to each 
other. 
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DISCUSSION 
Metalatlon Reactions 
The Investigator who has made a cursory survey of the 
literature of phenoxathlln would visualize a field of chemis­
try for which the pioneering research had been done. At 
least one derivative had been prepared for each of the four 
monoeubstltutlon positions. The lithium atom could be intro­
duced into the 1-^^ or the position by metalatlon of 
phenoxathiin-10-oxlde and phenoxathlln, respectively. The 
product of bromlnatlon^^, 2-bromophenoxathlln, could be con­
verted, by the halogen-metal interconversion reaction, to 
phenoxathlinylllthium, a valuable intermediate.^^ Therefore, 
the lithlonhenoxathllne appeared to be the ideal starting 
materials for the preparation of other phenoxathlln 
derivatives. 
The literature contains no data from which can be made 
an accurate estimation of the amount of 4-Dhenoxathllnyl-
lithlum that wae produced by the metalatlon of phenoxathlln 
with n-butyllithlum. The crude carbonatlon product has been 
obtained in yields of 56 and 63^^. but the yield of pure 4-
phenoxathllncarboxyllc acid has not been reported. 
It was shown in this work that the crude csrbonatlon 
product contained considerable amounts of r>henoxathlindl-
21k 
carboxyllc acids. The amount of metalation product which 
formed a neutral derivative was coneidered sufficiently small 
to be neglected. The extent of monometalation could have 
been estimated from the neutralization equivalent of the 
crude mixture. Unfortunately, this determination was not 
made on the crude product obtained in yield (based upon 
4-phenoxathiincerboxylic acid). From this mixture there were 
isolated yields of 36.9 and of pure 4-phenoxathilncarb-
oxylic acid end 1,6-phenoxathiindicarboxylic acid, respec­
tively. In addition to the isolation of the 1,6-diacid, 
there are other data which indicate that the amount of mono­
metalation waa less then 76,2%, fnd that more than 76*2^ of 
the n-butyllithium was used in metalation. First, the 
average yield of crude dicarboxylic acids in the diraetalation 
experiments was greater than 90%', indicating that almost all 
of the n-butyllithium was used in metalation. Second, in 
these experiments the pure 4,6-diacid was isolated in a yield 
approximately 3,5 timee greater than that of the 1,6-diacid. 
Therefore, it would be expected that some of the 4,6-diacid 
was formed in the monometalation experiments, even though 
none was isolated. This dicarboxylic acid, being less soluble 
than the 4-acid and more soluble than the 1,6-diacid, could 
have easily escaped isolation. On the basis of these facts, 
one can estimate conservatively that at least of the 
215 
n-butylllthlum effected metalatlon In the reaction in which 
a 76*2% yield of crude product was obtained. Using these 
two figures, it was calculated that 63.6^ of the n-butyl­
llthlum was UEed in monometalatIon and 21.4^ In dimetaletion. 
Stated in another manner, the crude acid must have conBleted 
of elx molee of 4-nhenoxathllncarboxyllc acid per mole of 
phenoxathilndlcarboxylic acids. 
Attempts were made to limit the metalatlon to the forma­
tion of the monolithium derivative. Some dimetalation took 
place when n-butyllithium >/a6 used at low temperature for a 
short period of time. Even when the reaction was carried out 
with phenylcalclum iodide, an org&nometalllc compound which 
is not an effeclent metalating agent, but one which has 
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effected an anomalous metalatlon , 4-phenoxathlincarboxyllc 
acid and 6-Dhenoxathilndicarboxyllc acid were isolated in 
small amounts. Methylllthlum showed the greatest promise as 
a monometalating agent since no interferrlng dimetalation 
occurred even though two equivalents of the reagent were 
employed. Though the crude acid ^as obtained in a low yield 
(11.6^), it was in a relatively high state of purity. 
If it can be assumed that n-butyllithium metalates 
phenoxathiin only in the positions which are ortho to the 
hetero atoms, there are four phenoxathilndlcarboxylic acids 
which would result upon carbonation. They are the 1,4-, 
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1,6-, 1,9- and 4,6- derivatives. One of the looeltlons ortho 
to the oxygen is kno-^n to be especially reactive since mono-
metalatlon occurs at the 4- poeitlon. 
The two phenoxathiindicarboxylic acids prepared simul-
taneouely by vay of dimetalation of phenoxathlln were obtained 
in yields of 8.9 and 34,7^, The acid melting at 266-267° 
proved to be the 4,6- derivative when it yielded 2,2'-dicarb-
oxydlphenyl ether upon deeulfurization with Raney nickel. 
Though the phenoxathiindicarboxylic acid melting at ca. 350°. 
with decompoeition, was obtained in the lower yield, it was 
the more interesting of the two ieomers. This acid was also 
a product when phenoxathiin-lO-oxide was treated with n-
butyllithium at room temperature. The higher melting isomer 
yielded 2,3'-dicarboxydlphenyl ether upon hydrogenolyeis with 
Raney nickel. Though this product could be obtained upon 
cleavage of either 1,6- or 3.6-phenoxathiindicarboxylic acid, 
the latter acid was not considered as a poeeible dimetalation 
product since the 3- position is not ortho to a hetero atom. 
Therefore, dimetalation of phenoxathlln occurs in the 1,6-
and 4,6- positlone. 
The data gathered in the course of this work prompt the 
writer to view with amazement the report that 2-phenoxathiin-
carboxylic acid acid was Isolated subsequent to the reaction 
of 2-brofflophenoxathiin (m.r). reported 58-59°) with four 
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equivalents of n-butyllithium.^ (See p. 88.) In the first 
place, there ie the very important question ae to whether the 
material which wae designated ae 2-'bromophenoxathiin was a 
pure compound or a mixture. (This question is discussed under 
Halogenation Reactions.) However, given the benefit of the 
doubt that there are two crystalline forms of 2-bromophenoxa-
thiin, one melting at ca. 60° and the other at ca, 90°, there 
must be considered the possibility of metalation accompanying 
the halogen-metal interconversion reaction. It was shown, by 
carrying out the reaction between phenoxathiin and n-butyl-
lithium under the conditions employed for the interconversion 
reaction, that metalation occurred to the extent of 0,71 
equivalent of ji-butyllithium. This figure wap calculated 
from the 6^% yield (based unon 4-r»henoxathiincarboxylic acid) 
of crude acid and the neutralization equivalent of the mix­
ture, Highly significant is the fact that 16^ of the weight 
of crude acid wae due to phenoxathiindicarboxylic acids. It 
shows that dilithiophenoxathiins can be formed under these 
conditions. This writer does not believe that 2-phenoxathl-
inyllithium, the halogen-metal interconversion product, would 
be resistant to metalation. The 6- position, ortho to oxygen 
in the other ring, should be sufficiently reactive to allow 
the formation of a large amount of 2,6-dilithiOTjhenoxathiin. 
A comparison of the yields of the phenoxathiindicarboxylic 
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acide in the dlinet&latlon experlmentp with those of ^-phen-
oxathllncarhoxyllc acid in the monometalatlon experlnients 
reveals that a lithium atom in one rlnsr does not Inhibit 
metalatlon In the other. However, granting that Bome of the 
2-phenoxathllncarboxyllc acid vas formed In a significant 
amount, its separation from the dlcarboxylic acids would have 
been a formidable task. 
The structure of the acid prepared by way of the halogen-
metal interconversion reaction was proved in a oecullar 
fashion (see r;. 88.}. Curiously enough, the "pure" acid 
(melting range 260-265®) not compared vlth an authentic 
specimen of the 2-acld (m.p. reported^^ 259-260®), though 
such a sample was available since it was mentioned in another 
part of the article. 
The action of ij-butylllthlum on phenoxathlln-10-oxlde 
had been studied in this Laboratory by Messrs. T. L. Held 
and D. L. Esmay, vho had isolated an unknown acid. This 
writer, knowing that a complex reaction or series of reac­
tions occurred, resorted to the low reaction temperature of 
-50® in hopes of minimizing the secondary reactions. It was 
believed that metalatlon and reduction occurred as In the 
case of dlben2othlophene-5-oxide and n-butyllithium.^^ It 
appeared feasible that if metalatlon preceded reduction, and 
if the metalated phenoxathiln-lO-oxide were a sufficiently 
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stable Intermediate, this organometallic compound could be 
derlvatized by carbonation and s. phenoxathiincarboxyllc acid 
10-oxlde would reeult. This compound was not found, however. 
The products isolated were phenoxathiin, 2~carboxydiphenyl 
ether, n-butyl mercaptan and 1-phenoxathilnoarboxylic acid. 
The yield of the last compound was less than 
e.Q 
When it was learned that Shirley and Lehto-^^ had carried 
out the above reaction at -20° to room temperature and ob­
tained a 22^ yield of 1-phenoxathiincarboxylic acid, the 
reaction was repeated under these conditions and a comparable 
yield of the 1-aoid isolated. Thus, it appeared that more 
cleavage had occurred under the milder conditions. Then, 
with the isolation of diphenyl ether from both reaction mix­
tures, it was apparent that the reaction was not affected 
anomalously by changes in conditions. i\ comparison of the 
overall yields (see Table 9, p. 137) under the two conditions 
reveals approximately the same amount of cleavage, but more 
metalation of the heterocycle at the higher temperature. 
In order to prove that the formation of 2-lithio- and 
2,2'-dilithiodiphenyl ether did not occur by vay of e two-
step process involving cleavage to diphenyl ether, followed 
by metalation, the action of n-butyllithium on diphenyl ether 
at -50® was investigated. No metalation took place at this 
temperature. 
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2-Car'boxydlphenyl ether, 2, 2'-dlcarboxydlphenyl ether 
and n-butyl mercaptan are logicel cleavage producte of phen-
oxathlln-lO-oxlde, but the mechanlgai by which diphenyl ether 
le formed le not clear. Any cleavage of the heterocycle 
would be expected to produce 2-llthio- or 2,2'-dlllthiodl-
phenyl ether or a llthlo derivative similar to the intermedi­
ate in Ecuation 1. These organometallic compounds would 
yield carboxylic acids upon carbonation. Appreciable amounts 
of the acids corresponding to the first two lithium deriva­
tives were isolated, but only when the metalation reactions 
were carried out at -50®. At the higher temperatures the 
lithiUHi atome were apparently replaced by hydrogen prior to 
the carbonation reaction. Since the absence of the carboxy-
diphenyl ether paralleled the formation of 1-phenoxathiin-
carboxylic acid, it appeared that 2-lithlo- or 2,2*-dilithio-
diphenyl ether may have metalated phenoxathiin-lO-oxide, 
The cleavage and metalation reactions are Illustrated by 
Equations 1-3. 
(1) 
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U Li >-20' ( 2 )  
>-20° ( 3 )  
The metalation reactione may not occur to a significant 
extent until the mixture is allowed to warm above -20®, Such 
a situation would explain the presence of large amounte of 
the carboxydiphenyl ethers, yet little of 1-phenoxathllncarb-
oxyllc acid when the reaction mixture was carbonated after a 
short reaction period at low temperature. 
The mechaniem was tested by adding a mixture of 2-
lithlo- and 2,2'-dlllthiodiphenyl ether to phenoxathlin-10-
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oxide at -20° and allowing the reaction mixture to warm to 
room temperature before oarbonatlon. The work-up of the 
mixture was attended by considerable difficulty due to the 
number and character of the products, A small quantity of 
phenolic material was separated, but could not be isolated 
in sufficient quantity to be identified. The isolated quan­
tity of 1-phenoxathiincarboxylic acid lO-oxide was small, 
but sufficient to give support to the postulated mechanism. 
This acid may have been formed by a reaction such as is 
illustrated by Equation 2 or 3» Since no 1-phenoxathiin-
carboxylic acid was isolated, it appears that reduction of 
the metalated compound is effected by n-butyllithium, but 
not by the lithiodlphenyl ethers. It is not known whether 
the isolated 2-carboxydiphenyl ether resulted from the 2-
lithiodiphenyl ether which was originally present in the 
mixture or from that which may have been produced by the 
reaction illustrated by Equation 2, Both alternatives are 
poseible. Such a difficulty can be avoided by the use of 
only one metalating agent, 2,2'-Dilithiodlphenyl ether could 
be prepared conveniently from 2,2'-dibromodiphenyl ether by 
the halogen-metal Interconversion reaction. The latter com­
pound was not available during this work. 
The lithium atom can be introduced into the 1- position 
of the phenoxathiin ring system by metalation of either 
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phenoxathlin-10-oxlde or phenoxathlln-lO-dloxlde. Metalation 
of the former compound le of limited synthetic value for 
eewral reasons. The optimum reaction conditions are diffi­
cult to achieve; the yield is poor; cleavage occurs and many 
interfering Toy-producte are formed. Fortunately, the metala­
tion of phenoxathiln-LO-dioxide is not accompanied loy 
cleavage. However, the eulfone group activates both the 
1- and the 9-poBitionB to euch an extent that dimetalation 
accompanied monometalation under the conditions which were 
employed. Though Shirley and Lehto reported only 1-phenoxa-
thllncarboxylic acid 10-dioxlde from the reaction of phen-
oxathlln-LO-dioxide with one equivalent of n-butyllithium, 
it is believed that the dicarboxyllc acid coizld have been 
formed but easily escaped isolation. The work of Shirley 
and Lehto demonstrated that the yield of 1-phenoxathlln-
carboxylic acid 10-dloxlde could not be increfcsed above 46^ 
by the use of 1.5 equivalents of n-butyllithlum. The re­
sults which this writer found upon using 1.5 equivalents of 
n-butylllthlum revealed that it would be extremely detri­
mental to use an excess of the metalating agent. The yields 
of 15^^ mono- and dicarboxyllc acid show that much of the 
monolithlum derivative is converted to the dilithlo compound 
upon the addition of excess metalating agent. 
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When 1,9-phenoxathlindicerboxyllc acid 10-dloxide wae 
prepared by way of dimetalatlon of phenoxathlln-lO-dloxide 
the yield of crude product was 92,5^* Though there wae un­
doubtedly a considerable amount of monocarboxylic acid formed, 
the extent of dlmetalatlon vae greater than the 52.2^^ yield 
of pure 1,9-dlacld Indicates. There are two reaeone why the 
yield of pure dlcarboxyllc acid in thle experiment Is only 
slightly greater than that obtained when 1.5 equivalents of 
n-butylllthluffi were employed. In the latter caee a slightly 
higher reaction temperature was employed and an Improved 
method of separation of the products was used. 
The structure of 1,9-phenoxathllndloarboxyllc acid 10-
dloxlde was proved by hydrogenolysls to 3»3'-dicarboxydlphenyl 
ether. The Isolation of this cleavage product Is considered 
to be adequate proof that the acid Is the 1,9- derivative 
even though two other phenoxathllndlcarboxyllc acids, the 
1,7- and the 3»7- derivatives, would also yield the same 
product. It is unlikely that metalatlon occurred in the 7-
positlon, one which is not ortho to either the sulfone group 
or the ether linkage. 
The behavior of phenoxathlln towards organollthlum com­
pounds is similar to that of dlbenzo-jg-dioxin. Metalatlon 
of the latter heterocycle was limited to the formation of 
the monolithium derivative only when methylllthium was 
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employed. Two dlcarboxyllc acids of dibenzo-^-dloxin were 
formed as the result of reaction with 2.5 equivalents of 
9^ 
n-butyllithium. 
The oxygen and sulfur heterocyclee can be arranged in 
order of the decreasing extent of dimetalation. On the basis 
of the decreasing yields of the dicarboxylic acids, the order 
is: phenoxathiin > dibenzo-£-dioxin > thianthrene > dibenzo-
furan > dibenzothiophene. As far as the ease* of dimetalation 
is concerned, dibenzo-jg-dioxin ranks above phenoxathiin since 
a monocarboxylic acid could not be isolated from the mixture 
formed when dibenzo-£-dioxin was treated with one equivalent** 
of n-butyllithium. 
No thianthrenedicarboxylic acid was isolated from the 
mixture of acids obtained when l-thianthrenecarboxylic acid 
was prepared by way of the reaction of thianthrene with one 
equivalent of jn-butyllithium.^^^ This writer believes that 
R. Swayampati, Unmblished Ph.D. Thesis, Iowa 
State College Library, 1955. 
^Dimetalation of phenoxathiin occurs principally in 
the two positions ortho to the ether linkage. Since the 
structure of dibenzo-£-dioxin contains two ether linkages, 
this heterocycle would be expected to be more easily di-
metalated than phenoxathiin. 
**When phenoxathiin was metalated with one equivalent 
of n-butyllithium the dicarboxylic acids which were produced 
did~"not prevent the isolation of 4-phenoxathiinoarboxylic 
acid. 
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Interfering amcunte* of thianthrenedicarboxylic acid were 
responsible for the difficulty encountered in obtaining the 
pure product. 
When dlbenzofuran was metalated with a slight excess of 
one molar equivalent of n-butylllthlum, high yields of crude 
^-dlbenzofurancarboxylic acid were obtained.Both the 
melting range of the crude product and the small loss upon 
purification indicate lack of contamination by dlcarboxyllc 
acids. 
The monometalation of dlbenzofuran by n-butylllthlum was 
described in an article^^^ which deals primarily with the 
dimetalation of this heterocycle with n-butylsodlum. A 77^ 
yield of the dlcarboxyllc acid was obtained by carbonation 
of 4,6-disodlodlbenzofuran. Dimetalation of dlbenzofuran 
by n-butylllthlum was not mentioned. 
Esmay^®^ obtained an excellent yield of 4-dlbenzothlo-
phenecarboxyllc acid, but ieolated no dimetalation product 
after treating dibenzothiophene with 2.2 equlvelents of jg.-
butylllthium. The results were expected since dibenzothiophene 
B, Willis, Unpublished Ph.D. Thesis, Iowa State 
College Library, 19^3* 
Q-llman and R. V. Young, jJj. Am. Chem. Soc.. ^7. 
1121 (1935). 
•The yields of crude acid and pure l-thianthrene-
carboxyllc acid were 83 and 26%, respectively. 
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has been shown to be less readily metalated than dlbenzo-
furan. ^  
More vigorous conditions are required for metalatlon 
and dimetalatlon of the three sulfur heterocycles than for 
the corresponding dioxides: phenoxathiln-lO-dioxide, thian-
threne-5-dloxide and dibenzothiophene-5-dioxlde. The two 
dioxides in which the sulfone group is in six-membered rings 
appear to be more readily dimetalated than dibenzothiophene-
5-dioxide. 
Acetylation of Phenoxathiin 
After the many frultleea attempts to prepare 2-bromo-
phenoxathiin by the direct bromlnatlon of phenoxathiin, its 
synthesis was accomplished by a four-step process which began 
with the preparation of 2-acetylphenoxathlln, Though it was 
believed (and this belief was subsequently confirmed) that 
the second product, the oxime, would be more easily purified 
than the ketone, intensive efforts were made to obtain a pure 
sample of 2-acetylphenoxathiln in order to verify one of the 
two melting points (111-1120^^ and 117.5-118°^^) reported 
for this compound. The pure sample melted at 116.5-118.5*^• 
The recovery of a large amount of phenoxathiin, the 
isolation of 2,8-diacetylphenoxathiin and the difficulty 
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encountered In obtaining pure 2-acetylphenoxathiin suggest 
that the acetylation may have occurred in a random fashion. 
It would appear that the three materials named above, which 
are most expected to be present in the crude reaction mixture, 
would be sufficiently different in solubility and boiling 
point to allow a clean eeparation. Either this was not the 
case or another product was present in the mixture. There 
are several reasons why the latter alternative appears prob­
able. First, there is the possibility that the 2-acetylphen­
oxathiin (m.p. 111-112°) of Suter and coworkers^^ could have 
contained a small amount of another acetyl derivative, since 
it yielded an oxime (m.p. 142-143®) which did not agree in 
melting point with that (m.p, 158-159.5*^) found by Nobis and 
coworkere^^ and (m.p. 156-158®) by this worker. 
In this thesis is described the isolation of 2,8-
diacetylphenoxathiin from the residue which remained after 
distillation of phenoxathiin and 2-acetylphenoxathiin. 
Suter and coworkers did not employ a distillation in the 
work-up procedure by which 2-acetylphenoxathiin was obtained, 
but purified the product by three recrystallizations from 
ethanol. Unless 2,8-diacetylphenoxathiln was removed pre­
viously by trituration or as a first fraction from a dilute 
solution, this compound probably woiild have cryetallized 
along with the more soluble 2-acetylphenoxathiln. 
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Second, since the Frledel-Crafts reaction of phenoxathiin 
with succinic anhydride yielded both the 2- and the 3- deriva­
tives, it is not unlikely that the very similar reaction, 
acetylation, would yield both 2- and 3-acetylphenoxathiln. 
Third, it would not be illogical to expect some acetyla­
tion of phenoxathiin to occur at all of the four positions. 
Acetylation at the position ortho to the sulfur is not with­
out precedence since the acetylation of dibenzothiophene 
yielded a mixture from which both 2- and ^ -acetyldibenzothio-
phene were isolated. 
Reactions of 2-Sub8tituted Phenoxathiln-lO-dioxides 
Nitration of phenoxathiin-lO-dioxide appears to be the 
most convenient method of introducing a functional group Into 
the 2- position of the phenoxathiin ring system. The reac­
tion is easily performed and a relatively pure product can 
be isolated without employing an extensive purification pro­
cedure. Other mononitration products which may be difficultly 
separable should not be formed in significant amounts. Tlw 
Burger, ¥. B. Wartman, Jr. and R. E. Lutz, Jj, Am. 
Chem. Soc.. 2628 (1938). 
Burger and H. W. Bryant, J. Org. Chem.. H-, 119 
(1939). 
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2- position, which Is both meta to the ring-deactivating 
eulfone group and para to the ether linkage, should be the 
principal position susceptible to attack by electrophillc 
reagents. 
Though the melting points found for 2-aBilnophenoxathlln-
10-dioxide (169-176°, 175.5-176°) were different from those 
reported^^ (163-164.5°» 164-165°). this difference may be due 
to polymorphism. The higher-melting sample contained the 
theoretical percentage of sulfur and was converted in good 
yield to the known 2-chlorophenoxathiin-lO-dioxlde. This 
amine was also used as the starting material for the prepara­
tion of 2-bromo- and 2-iodophenoxathlin-lO-dioxlde, t%'0 new 
compounds. 
Reduction of the Sulfone Group by Lithium Aluminum Hydride 
The reduction of phenoxathlln-lO-dloxide to phenoxathiin, 
a hitherto unreported reaction, was accomplished by the use 
of lithium aluminum hydride. Though the yield was moderate 
and it Is probable that some cleavage occurred, it is likely 
that the conditions can be modified to give a large yield. 
It did not appear thet dehalogenatlon accompanied the reduc­
tion of 2-chloro- and 2-bromophenoxathiln-lO-dioxlde to 
2-chloro- and 2-bromophenoxathiin. 
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The two most convenient reactions for the introduction 
of groups into tiw? 1- and the 2- position, metalation and 
nitration, respectively, are substitution reactions of 
phenoxathiin-lO-dioxide, The value of these reactions has 
been increased considerably by the demonstration that phen-
oxathiin-lO-dioxides can be reduced to the corresponding 
phenoxathiin derivatives. 
Halogenation Reactions 
The reaction of phenoxathiin with eulfuryl chloride in 
pentane yielded a mixture from which two compounds were iso­
lated, One of these (m.p. 168-169°) was undoubtedly the same 
50 
ae the _,__-dichlorophenoxathiin (m.p. 167-168®) which Irie 
obtained from the reaction of phenoxathiin with chlorine. 
The other compound (m.p. 79-81°) was designated as 3-chloro-
phenoxathiin after a re-examination of an old product from a 
Ferrario reaction. 
Suter and Green^^ obtained from the Ferrario reaction 
of 3-chloi'odiphenyl ether a material which was reported to 
melt at 59-60°. Depending upon whether ring-closure occurred 
through the 2- or 6- position in 3-cblorodiphenyl ether, the 
product would have been 1- or 3-chlorophenoxathiin, respec­
tively. The inveetigators believed the product was 
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3-chlorophenoxathlin. On this basle they designated the 
chlorophenoxathiln (m.p, 81-82°) obtained by chlorlnation 
of phenoxathiln ae the 1- derivative. 
Irle^®, by an unambiguouB synthesis, prepared 1-chloro-
o 
phenoxathiin (m.p. 78-80 ), the other expected product of 
the above-mentioned Ferrario reaction. Since the 1-deriva-
tive did not melt at 59-60®, this confirmed Suter and Green's 
choice of the 3-derlvatlve ae the product from the ring-
closure reaction. However, when Irie found (by a mixed m.p. 
depression) that the product of chlorlnation (m.p, 78-79°) 
was not 1-chlorophenoxathiln, he was reluctant to designate 
it as the 3- derivative, since this compotind was reported to 
melt at 59-60°. 
A sample of the product (m.p. reported 59-60°) from the 
Ferrario reaction was further investigated in the present 
work. This material (m.p. found 61-67°) ^ as found to be a 
o 
mixture of two compounds, one of which (m.p. 80-82 ) was the 
same ae the chlorophenoxathiln obtained from the reaction of 
phenoxathiin with eulfuryl chloride. The other compound was 
not identified. Therefore, both the Ferrario reaction of 
3-chlorodlphenyl ether and chlorlnation of phenoxathiln 
produced 3-chlorophenoxathiln, m.p, ca. 80°. 
It is reasonable to believe that 3-chlorophenoxathiln 
was not the only monochlorlnation product of phenoxathiin. 
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Other chlorophenoxathiine may have been formed but escaped 
isolation. It is likely that the 2- isomer was produced 
since 2-bromophenoxathiin was one of the producte of the 
bromination of phenoxathiin. The lack of 2-chlorophenoxa-
thiin would be coneidered anomalous in viev of the high 
reported yields of 2-bromophenoxathiin. However, the bromi­
nation experiments in this work revealed that the 2-poeition 
was not as reactive as had been believed. 
In the initial stages of this work 2-bromophenoxathiin 
was considered a key compound, one which would serve as a 
useful starting material. However, after the unsuccessful 
attempts to repeat the bromination of phenoxathiin, a reac­
tion which was renorted^^ to give an yield of 2-bromo­
phenoxathiin (m.p. 59-60®), the compound became more important 
as a product than as a starting material. When 2-bromophen-
oxathiin was prepared by two unambiguous syntheeee (See 
"Preparation of 2-bromophenoxathiin" and "Preparation of 
2-bromophenoxathiin from 2-aminophenoxathiin by the Sandmeyer 
reaction".) and found to melt at 90-91°# the bromination 
reaction became open to considerable speculation. 
Since the materials which had been obtained during the 
work on the bromination mixtures melted at temperatures 
higher than the melting point reported for 2-broffiophenoxathi-
in, it was believed that some high-melting impurity was 
zjk 
present. However, since no pure product had been isolated 
from the mixture and it did not appear promising, the vriter 
did not return to it after finding that 2-bromophenoxathiin 
melted at 90-91°. It is likely, however, that some pure 
2-bromophenoxathiin could be isolated by a fractional recrye-
tallization process in which seede of the authentic compound 
are employed. That 2-bromophenoxathiin was formed by bromi-
nation was proved when 2-bromophenoxathiin-lO-dioxide was 
isolated from the products which resulted upon oxidation of 
the crude bromination mixture. It is doubtful that 2-bromo-
phenoxathiin was produced in a yield which would approach 
the reported 83^» If such had been the case, it is likely 
that the compound could have been easily purified since the 
number and amount of impurities would have been quite low. 
The results of the sulfur analysis of one crude fraction 
Indicated that some dibromophenoxathiin was present. Also, 
it would not be illogical to susnect that the mixture con­
tained some 3-hromophenoxathiin since 3-chlorophenoxathiin 
was produced upon chlorination of phenoxathiin. 
Since 2-bromophenoxathiin melted at 90-91° and fractions 
of the crude dibromination mixture melted at temperatures 
over 115°» this writer views with suspicion the reported^ 
melting points (92° and 92-93°) of 2,8-dibromophenoxathiin. 
However, something must explain the seeming lack of difference 
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in solubility between the mono- and dibromophenoxathilne, 
and if 2,8-dibroinophenoxathiin doee melt at 92®, it ie likely 
that it would be very similar in solubility to 2-brofflophen-
oxathiin. The isolation of a pure dibromophenoxathiin may 
not have been a problem of merely separating bromo- and di­
bromophenoxathilne. The mixture may have contained 2,7- and 
2,8-dibromophenoxathiin. 
lodophenoxathiins have been prepared from 2- and 3-
aminophenoxathiin and from 4-phenoxathilnyllithiuffi.''^ There 
has been no report of an iodination of the phenoxathiin ring 
system or of the preparation of an iodophenoxathiin-10-
dioxide. In this work is described the nitric-acid catelyzed 
iodination of phenoxathiln-10-d.ioxide, the third successful 
sul^titution reaction which has been performed on this com­
pound, 2-Iodophenoxathiin-lO-dloxlde was isolated in a low 
yield from a mixture which was believed to contain only 
starting materials and the one organic product. The yield 
did not suffer from losses incurred in separation of the 
product from isomers and polyhalogen derivatives, a situation 
which prevailed in the case of bromination and chlorination 
of phenoxathiin. The recovery of a large amount of iodine 
indicated that the reaction was quite sluggish. It is be­
lieved that more powerful iodination conditions can be 
employed and the yield of 2-iodophenoxathiin-lO-dioxide can 
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be increased without the danger of diiodinatlon occurring. 
Herein lies the advantage of phenoxathiin-10-dioxlde over 
phenoxathiin ae a starting material in subetltution reactions. 
The meta-directing and ring-deactivating eulfone group may 
limit substitution to the 2- position and inhibit disubeti-
tution. 
Oxidation Reactions 
The hypochlorite oxidation of 2,8-diacetylphenoxathlin 
was carried out according to the method employed by Tomita®^, 
Irle^^ and Suter, McKenzie and Maxwcll^^ in order to deter­
mine whether the sulfide linkage would be oxidized. The 
isolation of 2,8-phenoxathiindlcarboxyllc acid 10-dioxide 
(68.7^) is in agreement with the work of Tomita and Irie, 
both of whom found that oxidation of the sulfide to the 
Bulfone accompanied the conversion of the acetyl to the 
carboxyl group. Suter and coworkers had reported that 2-
phenoxathllnoarboxylic acid was the product of the hypo­
chlorite oxidation of 2-acetylphenoxathiin, Since oxidation 
to the sulfone was observed in three of the instances, atten­
tion is focused upon that preparation which ie not in agreement. 
First, the only analytical datum reported for 2-phenoxa-
thiincarboxylic acid was a neutralization equivalent of 239» 
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which Is 5 units telow the theoretical value of Whether 
the low neutralization equivalent was due to experimental 
error or to a phenoxathiindicarboxylic acid ie a matter of 
Bpeculation. Such an acid would have arisen from a diacetyl-
phenoxathiin in the sample of the material oxidized. Though 
such a compound was not mentioned ae a by-product in the 
preparation of 2-acetylphenoxathiin, it is likely that its 
presence may have been undetected. (See the discueeion of 
the acetylation of phenoxathiin.) 
Two facts indicate that there may be little difference 
between the reported 2-phenoxathiincarboxyllc acid and the 
2-phenoxathllncarboxylic acid lO-dioxide (m.p, 268-269®) >^hlch 
Irie prepared by the same method. An authentic specimen of 
the former acid (m.p. reported 259-260®) melted over the 
o 
range 265-27^ . This range includes the temperature reported 
by Irie for the meltii^ point of the 10-dioxide, The infra­
red spectrum of a sample of the acid contained a band at 8.6>u 
which is characteristic of the sulfone group. Therefore the 
material would be expected to contain some 2-phenoxathiindi-
carboxylic acid lO-dioxide. 
3 5  
The acid from the haloform reaction was designated as 
2-ph«noxathiincarboxylic acid since it did not depress the 
melting point of a sample of acid (m.p, reported 260-262°) 
prepared from 2-bromophenoxathiin (m,p, reported 59-60®) by 
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way of the Srignard reaction,^ This preparation Is open 
to question since the melting point of the starting material 
v&e ca. 30® lower than that found for 2-bromophenoxathiln 
(m.p. 90-91°) in this work. 
A sample of the material which had been prepared by the 
&rignard reaction melted over the range 188-260°. It is 
probable that the compound could have changed in the twenty-
year interval since its preparation. However, since this 
sample was reported to melt at approximately the same tempera­
ture as the one from the haloform reaction, it ie peculiar 
that one should now melt over a 70®-range below, and the 
other over a 9'^-range above the original melting point. 
Cleavage Reactions 
Raney nickel cleavage of the sixteen phenoxathiindi-
carboxylic acids would yield eleven dicarboxydiphenyl ethers. 
The structures of seven of the phenoxathiindicarboxylic acids 
could be proved unambiguously by this reaction. The other 
nine acids would yield the remaining four dicarboxydiphenyl 
ethers. Supplementary data are necessary in order for the 
cleavage reaction to be used in the proof of the structures 
in those cases where more than one phenoxathiindicarboxylic 
acid would yield the same product upon cleavage. 
239 
The three acids prepared by dimet&lation of phenoxathiin 
and phenoxathiin-lO-dioxide were cleaved by Raney nickel. 
Cleavage of 1,6- and 4,6-phenoxathiindicarboxylic acid yielded 
2,3'- and 2,2'-dicarboxydiphenyl ether, respectively. The 
isolation of the latter acid furnished unambiguous proof of 
the structure of the ^,6- derivative. Theoretically, the 
2,3'-dicarboxydiphenyl ether could result from desulfuriza-
tion of either 1,6- or 3»6-phenoxathiindicarboxylic acid. 
The Raney nickel hydrogenolysis of 1,9-phenoxathiindicarb-
oxylic acid 10-dioxide yielded 3,3'-dicarboxydiphenyl ether, 
an acid which could be produced by cleavage of the 1,7-, 3,7-
and 1,9-diacide. The data involved in the elimination of 
the 3»6-, 1,7- and 3.7- derivatives were presented in the 
discussion of the dimetalation reactions. 
The yieldB of the dicarboxydiphenyl ethers were low 
since the deeulfurization reaction was accoapanied by some 
cleavage of the ether linkage. This side reaction produced 
benzoic and hydroxybensoic acids. Though the hyaroxy acids 
were not isolated, positive tests for the phenolic hydroxyl 
group indicated their presence. Not only was the yield de­
creased by the ether cleavage, but the problem of isolating 
the dicarboxydiphenyl ethers was magnified by the presence 
of the two acids from the secondary reaction. It may be 
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possible to minimize the ether cleavage toy decreasing the 
amount of the catalyst, the temperature or the reaction time. 
The ether cleavage may not have been as great when 75^ 
ethanol instead of 0.5^ sodium carbonate was employed as 
the solvent for the reaction. However, the first method was 
abandoned when it was found that most of the product remained 
adsorbed on the nickel following filtration. Several ex­
tractions of the catalyst were required before a significant 
amount of the product could be obtained. 
Cleavage of a carbon-sulfur bond occurred when t)henoxa-
thiin was treated with lithium in refluxing ether. The 
product of the cleavage was designated as the lithium salt 
of 2-llthlo-2'-thloldiphenyl ether. This compound gave a 
positive Color Test and was converted into 2-thioldl-
phenyl ether by hydrolysis and into 2-carboxy-2'-thioldi-
phenyl ether by carbonation. The positive color test and 
the formation of the carboxyllc acid proved that the cleavage 
product contained a carbon-lithium bond. 
The above hydrolysis product was shown to be identical 
with an authentic specimen of 2-thioldlphenyl ether which 
was prepared by the reaction of sulfiir with 2-lithlodiphenyl 
ether. Partial proof that the product was the thiol and not 
the oxidation product thereof, the disulfide, lay in the 
presence of the thiol band in the Infrared spectrum of the 
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compound. Additional proof wae provided by oxidation of the 
thiol to the disulfide by means of iodine in ethanol. This 
oxidation product, bie~{2-phenoxyphenyl)disulfide, afforded 
an infrared spectrum which was, with the exception of the 
absence of the thiol band, identical with that of 2-thiol-
diphenyl ether. 
A second derivative of 2-thioldiphenyl ether was pre­
pared by the reaction of the thiol with chloroacetic acid. 
The designation of the product ae 2-phenoxyphenylmercapto-
acetic acid was based upon the reaction by which it was 
prepared and upon the agreement between the experimental 
and theoretical values for the neutralization equivalent 
and the percentage of sulfur. 
The proof of the structure of 2-carboxy~2'-thioldiphenyl 
ether is based upon the following evidence. First, the acid 
contained the theoretical percentage of sulfur. Second, the 
compound was easily oxidized, a reaction characteristic of 
thiols. Third, there was isolated from the same reaction 
mixture an acid wMch was the disulfide of 2-carboxy-2'-
tMoldiphenyl ether. The experimental values of the per­
centage of sulfur and the neutralization equivalent were in 
good agreement with the calculated values for this dicarb-
oxylic acid. The infrared spectra of 2-carboxy-2'-thioldi-
phenyl ether and its disulfide were almost iderstical, a 
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property which woiild be expected of coffipounda bearing the 
thloX-dicuXfide relstlonehip to one another. 
The yield of the carbonation product was much lower 
than that of the hyorolyeis product. Ho attempt is made to 
explain thie since each reaction carried out only one 
tiaie. 
The cleavage by lithiun shows no promiee ae a reaction 
for the proof of the structures of phenoxathiin derivatives, 
After cleavage of an uneyimsetrlcally eubetituted phenoxathiin 
there vould be the problem ae to which phenyl ring contained 
the thiol group. Also, the cleavage product would likely be 
an unknown coapound which would be difficult to eyntheeise 
by another route. 
fhe iBoet comraonly employed method for preparini? an 
organoaetftllic compound involves the reaction of a halo com­
pound with a metal such as magneeium or lithium* Whether a 
phenoxathiiayllithiuffl could be prepared from a halophenoxa-
thiin and lithium witlrout accompanying cleavage would depend 
upon the reactivity of the halogen. Such a reaction would 
be of value only if it would take place at a temperature 
below that at which cleavage occurs. 
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Melting Points* 
Some of the variables which determine the melting point 
of a compound are symmetry, crystal structure, dipole moment 
and intermolecular forces. However, quantitative data con­
cerning theee factors are frequently lacking for the compounds 
which concern the synthetic organic chemlet. Therefore, if 
one makes predictions or correlations based upon the one 
known physical constant, melting point, he relies upon intu­
ition and simple analogy. 
Upon examination of the tables of the melting points of 
derivatives of phenoxathlln one observes trends in this con­
stant, two different melting points reported for some com­
pounds and those melting points which appear "out of line". 
This discussion may bring to attention the possibility that 
some of the compounds exhibit polymorphism, that stereoieo-
merisffl may exist or that a compound may not actually be as 
designated. 
There appears to be a trend in the melting points of 
the monosubstltuted derivatives of phenoxathlln. In the 
majority of the available examples, the 4- derivative has 
the lowest and the corresponding 2- derivative the hiarhest 
*Referencee for all the melting points discussed in 
this section are listed in Tables 4-8. 
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melting point. The 1- and the 3- derivatives melt at approxi­
mately the same temperature. This relationship is shown in 
Table 10. 
Exceptions to the above generalization are exhibited by 
the methyl- and acetamidophenoxathllns. The melting point 
Table 10. Relationship between melting point and position of 
the substituent 
Compound Melting points of the four isomers 
1- 2- 3- 4-
Chlorophenoxathiln 78-80 
Broraophenoxathlin — 
lodophenoxathiin 
Affiinophenoxathlln 
Phenoxathiincar'boxylic 223-4 
acid 
Methyl phenoxathiin- 95-6 
carboxylate 
Phenoxathllnoarboxylic 197-8 
acid hydrazide 
-Oxo-phenoxathlin-
butyric acid 
Methylphenoxathlin 
AcetaBiidophenoxathlin 
88-9 81-2 liquid 
90-1 
92-4 70-2 42.5-3 
93-5 81.5-3 liquid 
260-2 223-4 171-3 
—- —- liquid 
127-8 
191-2 159-61 
38-9 83-4 liquid 
129-30 181-2.5 
2^5 
of 2-acetafflidophenoxathiin appears low not only in comparleon 
with that of 3-acetaini(aophenoxathiin, but upon consideration 
that acetamidee usually melt at temperatures higher than 35® 
above the melting point of the corresponding low-melting 
amine. The melting point of 3-methylphenoxathiin (?) appears 
high in comparison with that of the 2- derivative. Though 
the melting point of 83-8^° is in agreement with that of the 
3-chloro-, iodo-, and amino- derivatives, one would not ex­
pect the methyl group to have the same effect as the amino 
and halo groups upon the melting point. It is shown in Table 
11 that this compound is the only mono-methyl-subetituted 
phenoxathiin which melts above the parent compound. 
The introduction of a methyl group into e derivative 
containing no methyl groups lowers or has no effect on the 
melting point of the derivative. Since the 2,8-dimethyl-
derivatives are symmetrically substituted, they would be 
expected to melt higher than the parent compounds. 
The last pair of compounds exhibits in Table 11 an 
exception to the generalization mentioned. It appears that 
2-chlorophenoxathiin-lO-dioxide, a well-established compound, 
has an anomalous melting point since 2-ajnino-, 2-bromo- and 
2-iodophenoxathiin-lO-dioxide melt in the range 171-176®, 
The structure of 2-chloro-8-methylphenoxathiin-10-dioxide 
was not proved, making the comparleon between this compound 
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Table 11. Effect of the methyl group upon melting points 
Parent compound M,p, M.p.,° Me thy1-Bube titut ed 
compound 
Phenoxathiin 56 38-9 2-Methylphenox8thiin 
Phenoxathiin 56 83-4 3-Methylphenoxathiin(?) 
Phenoxathiin 56 liquid 4-Methylphenoxathiin(7) 
Phenoxathiin 56 74 2,8-Dimethylphenoxa-
thiin 
2-Aminophenoxathiin 98 97 2-Amino-8-methylphen-
ox&thiln 
2-Nit rophe no xathi in 160 160 2-Me t hy1-8-nitrophen-
oxathlin 
Phenoxathiin-lO-
dioxide 
147-8 134-5 2-Methylphenoxathiin-
10-dioxide 
Phenoxathiin-10-
dioxide 
147-8 138-9 3-Methylphenoxathiin-
10-dioxide 
Phenoxathiin-10-
dioxide 
147-8 141-2 4-Me t hylphenoxathlin-
10-dioxide 
2-Nitrophenoxathiin-
10-dioxide 
196.5 196-7 2-Me t hy1-8-nit rophen-
oxathiin-lO-dioxide 
2-Chlorophenoxathiin-
10-dioxide 
15B-9 173 2-Chloro-8-methylphen-
oxathiin-lO-dioxide 
and 2-chlorophenoxathlln-lO-dloxlde of limited value. Hovever, 
this ellght difference in melting point casts a doubt on the 
aeeignment of the structure 2-chloro-8-methylphenoxathlln-10-
dioxide to the compound melting at 173®• 
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An Important compound for which have been reported two 
melting points differing by 53° Ib 2,8-diajBinophenoxathlln. 
(Both Byntheees have been described In the Hietorical section 
of this thesis.) In Table 12 theee two melting points are 
compared with those of 1,3- and 3,7-diaminophenoxathiin, The 
Table 12. Melting points of diamine- end dinitrophenoxa-
thiins 
Coapoimd Melting points of 
isomers 
the three 
1,3- 2,8- 3.7-
Diaminophenoxathiin 158 118, 
166-8, 
171-3 
167-8 
Dinitrophenoxathiin 187 143 204-5 
melting points of 118° and 1^3° for 2,8-diamino- and 2,8-
dinitrophenoxathiin, respectively, are in the expected re­
lationship to one another, but much lower than those of the 
analogous 1,3- and 3»7- derivatives. If the correct melting 
point for 2,8-diaminophenoxathiin ie approximately 170®, 
2,8-dlnitrophenoxathiln would be expected to melt at approxi-
o 
mately 200 , 
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The melting points of the 2-eub8tltuted~8-nitrophenoxa-
thllne follow no discernible pattern. All of the four 
disubetituted derivatlvee listed in Table 13 were prepared 
by Irie,^® The melting point of 128-129^ for 2-chloro-8-
nitrophenoxathiin was reported by Kriehna.®'^ It is not known 
which melting point for 2-chloro-8-nitrophenoxathlin la cor­
rect. Though Trie made no mention of the relationship 
between the melting temperatures for the following three 
compounde, the writer of this thesis would expect 2-methoxy-
8-nltrophenoxathiin to melt lower, and 2,8-dinitrophenoxa-
thiin to melt higher than 2-nitrophenoxathiin. If the 
melting points as reported are correct, the nitro and 
methoxy groups have very interesting effects upon the 
melting points. 
Table 13. Melting points of 2-substituted- and 2-sub8tituted-
8-nitrophe noxathi ins 
Parent compound M.p.,® M.p,,® Nitro derivative 
2-Methylphenoxathiin 38-9 
2-Chlorophenoxathlln 88-9 
2-Methoxyphenoxathiin 
2-Nitrophenoxathiln 160 
160 2-Methy1-8-nitrophen-
oxathiin 
195 2-Chloro-8-nitrophen-
(128-9) oxathiin 
ca. 300 2-Methoxy-8-nitrophen-
oxathiln 
1^3 2,8-Dinitrophenoxathiin 
2^ 4-9 
fhe melting points of many of the derivatives of phen-
oxatMin, phenoxathiin-lO-oxide and phenoxathiin-lO-dioxide 
increase with the increase in oxidation state of the sulfur, 
i.e., the phenoxathiin derivative melts at the lowest, and 
the corresponding phenoxathiln-lO-dioxide derivative melts 
at the highest temperature. However, the following pairs 
of compounds exhibit exceptions to this generalization: 
phenoxathiin-lO-oxide (m.p. 155°) and phenoxathiin-lO-dioxide 
(ffl.T). 1^7-1^8°), l-nitro-3-pli®noxathiinoarboxylio acid (m.p. 
262°) and the 10-oxide (m.p. 251-252*^), l-phenoxathiincarb-
oxylic acid 10-oxide (m.p. 262®) and the 10-dioxide (m.p, 
229-231®), 1,3-diaminophenoxathiin-lO-oxide (m.p, 262°) and 
the 10-dioxide (m,p, 228°). 
The lower of the two melting points, 136-137*^ and 193-
19^°, for 2-phenoxathiinacetic acid appears to be more prob­
able to this writer. It is believed that the difference 
between the melting point of 2-phenoxathlincarboxylic acid 
(m.p. reported 259-260°, 260-262®) and 2-phenoxathiinacetic 
acid should be greater than 70°, but less than 125°« The 
reported melting point of 2-phenoxathiincarboxylio acid is 
questioned. It is predicted that the melting point of this 
compound would fall in the range 230-2^0®, 
There is no doubt that 2-bromophenoxathiin has a melting 
point of 90-91°» There may be another crystalline form which 
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melts at 59-60°. The occurrence of two formB would account 
for the difficulty encountered by this worker In Isolating 
a pure bromophenoxathlln from the bromination mixture. If 
o 
the melting point of 2,8-dibroinophenoxathlin is 92-93 as 
reported, and there ie only one form each of 2-bromo- and 
2,8-dibromophenoxathlin, the melting point of the dibromo 
compound ie unexpectedly low. 
Suggeetione for Further Research 
Amlnophenoxathiins and aminophenoxathiin-lO-dioxides 
are the best starting materials for the preparetion of many 
derivatiTee of phenoxathiin. 2-Nltrophenoxathiin-lO-dioxide 
<2 
can be readily reduced to 2-aminophenoxathiln-lO-dioxide.'^ 
<1^ , 
1-Aminophenoxathiin-lO-dioxide and 4-aminophenoxathiin 
should be prepared from the corresponding lithiim compounds 
and O-methylhydroxylamine, The 1- and amines will be 
contaminated by diamines resulting from dilithio deriratires. 
The Talue of the metalations of phenoxathiin and phen-
oxathiin-lO-dioxide would be enhanced considerably if the 
ratio of mono- to dimetalation were increased. It is prob­
able that this may be accomplished by employing lower 
temperatures and less than an equivalent amount of n-
butyllithium. Since methyllithium showed promise as a 
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monoraetalatlng agent, this reagent ehould be employed In a 
multifold exceee. If the methylllthlum is prepared from 
methyl bromide the products of subsequent reactions contain 
fewer Impurities than if methyl iodide ie employed. 
The five oxygen and sulfur heterocycles, dlbenzo-^-
dloxln, phenoxathlln, thianthrene, dlbenzothlophene and 
dltenzofuran, could be accurately compared on the basis of 
ease of dimetalation if all were subjected to the action of 
n-butylllthium under the same conditions. The neutraliza­
tion equivalent of each mixture of crude acids would provide 
an estimate of the amounts of mono- and dicarboxyllc acids 
present. The monocarboxylic acids could be removed from the 
mixture by trituration with benzene. The neutralization 
equivalent of the residue of crude dicarboxyllc acids would 
reveal the efficiency of the trituration. Each of the first 
three heterocycles listed above will probably yield two 
dicarboxyllc acids. (This has been demonstrated in the case 
oil 
of dibenzo-£-dloxin' and phenoxathlln.) If dlbenzo-£-dioxln 
and thianthrene behave as did phenoxathlln, heteronuclear 
dimetalation will occur and the scid in which both carboxyl 
groups are ortho to the same hetero atom will be more soluble 
and lower-melting than the one in which a carboxyl group is 
ortho to each of ths hetero atoms. The dimethyl esters would 
likely be more readily separated than the acids themselves. 
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Qh 
This method was used by Gllman and StuckwlBch for the 
separation of the two dicarboxyllc acids of dlbenzo-^;-
dloxln. 
Since the reported^^ melting point of 2-phenoxathlln-
oarboxyllc acid is open to question, this compound should 
be prepared by an unambiguous synthesis. The most convenient 
method wotild probably involve hydrolysis of the nltrile which 
could be prepared from 2-aminophenoxathiin by the Sandmeyer 
reaction. 
It would be interesting to see whether the Grignard 
reagent could be prepared in good yield from 2--bromophenoxa-
o 35 
thlln (m.p. 90-91 )• Suter and coworkers employed ethyl-
magnesium iodide as a catalyst in the reaction between 
2-bromophenoxathiln (m.p. 59-60°) and magnesium. One should 
avoid the use of an organometalllc compound in this prepara­
tion since phenoxathiln is easily metalated. 
Phenoxathiin-lO-oxide is an ideal compound upon which 
organometalllc compounds can be compared and tested as agents 
for metalatlon, reduction and cleavage. The postulated 
mechanism for the metalatlon of phenoxathiln-10-oxlde can 
be tested if 2,2'-dillthiodlphenyl ether can be prepared 
from the dibromo compound by the halogen-metal interconver-
slon reaction. The yield of the latter reaction should be 
tested by carbonation. 
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The reaction of phenoxathiln-lO-oxide with phenyllithium 
should be Investigated. This organometallic compound may 
not effect reduction ae did n-butyllithium. However, if both 
reduction and cleavage occur, phenol and thiophenol may be 
products. 
It has been postulated by Mr. D. R. Swayampati of This 
Laboratory that Grignard reagents do not cleave sulfoxides 
beyond the first stage Illustrated in Equation 1 for the 
proposed mechanism of the reaction of n-butylllthlum with 
phenoxathiln-10-oxlde. If allyImagneslum bromide were 
employed as the cleavage atent, the presence of the allyl 
group in the cleavage product coxild be easily detected. 
The action of n-butyllithlum on dlphenyl sulfoxlde^®^ 
should be further Investigated, It may be advantageous to 
carry out the experiments on a larger scale than that used 
in the previous work^*^^ so that, if rj-butyl mercaptan or 
disulfide is formed, it can be Isolated in sufficient quan­
tity to be identified. Since benzoic acid was the principal 
product when these reaction mixtures were carbonated, the 
action of phenyllithium on dlphenyl sulfoxide should be 
investigated. 
In order that the halogenatlon of phenoxathiln be of 
value in determining the relative directive influences of 
the sulfur and oxygen atoms, more data must be acquired. 
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On the basis of present information, the 2- and 3- poBitions 
are the sites of bromination and chlorination, respectively. 
Either this anomalous situation actually prevails or both 
positions are involved in each reaction. Since 3-bromophen-
oxathiin ie a probable product of bromination, this compound 
should be first synthesized from the amine. Then, armed with 
the knowledge of its melting point, boiling point and solu­
bility and with a seed crystal, one would be prepared to 
attack the problem of isolating 3-bromophenoxathiin from 
the bromination mixture. 
Part of the difficulty in separating 2-bromophenoxathiin 
from the bromination mixture is due to the preeence of a di-
bromophenoxathiin. By adding a seed crystal of 2,8-dibromo-
phenoxathiln to a dilute solution of the bromination mixture 
one may be able to induce crystallization of this compound 
and thus separate it from the bromophenoxathilns and phen-
oxathiin. This would necessitate the prior synthesiB of the 
compound from 2,8-diaminophenoxathiin. At the same time the 
unexpectedly low melting point (92-93°) which has been 
reported for 2,8-dibromophenoxathlln could be checked. 
Both the reaction conditions for the acetylation of 
phenoxathiln and the methods of Isolating the products are 
in need of improvement. If both 2- and 3-acetylphenoxathiin 
are formed, the corresponding oximee may be more readily 
separated than the ketones. 
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The only hydroxyphenoxathlin for which physical con­
stants have been reported is the 4- derivative The others 
should be prepared from the corresponding amino- or lithio-
phenoxathiins and then be derivatized as the oxyacetic acids 
and methyl ethers. The effect of the methoxy group upon the 
melting point of phenoxathiin is interesting since 2-methoxy-
8-nitrophenoxathlln was reported^^ to melt at ca, 300°. 
During the Raney nickel desulfurization of the phenoxa-
thiindicarboxylic acids cleavage of the ether linkage 
occurred. Raney nickel may cleave 2,2'-dicarboxyciiphenyl 
ether and 4,6-diben20furandic&rb0xyllc acid. The latter 
compound ie suggested instead of 4-dibenzofurancarboxyllc 
acid since there is the possibility that cleavage of this 
uneymmetrical acid would yield two products. 
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SUMMARY 
A review of the literature of phenoxathlln was presented. 
Emphaale was placed on those preparations and reactions con­
cerned with the Identification of products of eubetitution 
reactions. 
The known derivatives of phenoxathlln were listed in 
tables. Attempts were made to correlate the melting points 
of these derivatives. 
A bibliography of the literature of phenoxathlln was 
compiled. 
Phenoxathlln and phenoxathlln-lO-dioxide were metalated 
with n-butyllithlum, methylllthlum and phenyloalclxim iodide. 
The dlmetalatlon products were identified and derlvatized. 
The structures of the three dlcarboxyllc acids prepared 
by way of dlmetalatlon of phenoxathlln and phenoxathlln-10-
dloxlde were proved by hydrogenolysis with Raney nickel. 
The action of n-butyllithluiR on phenoxathiin-10-oxlde 
was found to be dependent upon temperature. Metalatlon, re­
duction and cleavage products were isolated. A mechanism 
of the metalatlon reaction was postulated and tested. 
2-Bromophenoxathiln, a key compound, was prepared by 
two unambiguous syntheses and found to melt 3®° higher than 
the reported melting point. 
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The first dlazotization of an aminophenoxathlln-lO-
dioxide was performed. 
Phenoxathlln-lO-dloxlde, 2-ohloro- and 2-bromophenoxa-
thlin-lO-dioxlde were reduced to phenoxathlln, 2-chloro- and 
2-bromophenoxathlin, respectively, by lithium aluminum 
hydride. 
The reaction of phenoxathlln with eulfuryl chloride was 
carried out and one of the products ^-as proved to be 3-
ohlorophenoxathiln, A ring closure reaction was shown to 
yield the same product. 
Eromlnation of phenoxathlln by a published method could 
not be duplicated. 2-Bromophenoxathiln-lO-dioxlde was iso­
lated subsequent to oxidation of the crude bromination 
mixture. 
The initial iodlnatlon of phenoxathiin-lO-dioxide 
yielded 2-iodophenoxathiln-lO-dioxide, 
Oxidation of phenoxathlln in glacial acetic ecid by di­
lute nitric acid produced good yields of phenoxathlin-10~ 
oxide. 
Several derivatives of phenoxathlln were oxidized to the 
corresponding lO-oxidee and lO-dioxides by hydrogen peroxide. 
2,8-Diaoetylphenoxathiln was oxidized to 2,8-phenoxa-
thiindicarboxylic acid 10-dioxide by sodium hypochlorite. 
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Phenoxattilln was cleaved by lithium In refluxlns ether 
and the subsequent hydrolyele and carbonatlon products were 
Identified, 
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